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ABSTRACT

/

o

(This report explains how to use the SCREEN program, a computer program
designed to evaluate acoustic detection and localization performance of an anti~
submarine protective force about a Naval task force or other shipping. A companion
report documenting the theory of the SCREEN program supplements this report,
The measures used to evaluate the SCREEN performance are: cumulative detection
probability against specific target approach tracks and cumulative localization performance
against these same tracks, In addition to cumulative measures, ''snapshot' detection

and localization measures are also computed, which provide an indication of the
detection and localization coverage of the defensive screen at a specified time,

The SCREEN program operates on data files which contain moderately detailed
descriptions 0. the acoustic environment (propagation, noise, etc,), the sensor
parameters and tactics, and the screen penetrator (target) parameters and tactics,
These descriptions include both deterministic and stochastic parameters, The data
file contents can be created, altered, and displayed by the user under program control.
Once the data files have been created, subsequent use of SCREEN is straightforward
and concise, involving user-selectable program options and machine prompts for input. ‘3

The underlying detection process is a modified (A, o )-jump process. The target
process is a modified Integrated Ornstein-Uhlenbeck (IOU) process.— The basic
localization algorithm is an "Information Flow' Kalman ﬁlter.fﬁayesian updating
techniques are used to evaluate search effort, along lines similar to techniques found
in computer assisted search programs which are currently being implemented in the Fleet,
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PREFACE

This is a report to the Chief of Naval Operations (Op-961) under Contract No,
N00014-76-C-0811, which explains how to use the SCREEN program, a computer
program designed to evaluate acoustic detection and localization performance of an
anti-submarine protective force or other shipping, This is a companion volume to
reference [a), the theory of the SCREEN program,

The theory of SCREEN incorporates the results of several lines of analysis
developed largely by this firm over recent years, These lines include cumulative
detection probability and other acoustic detection modeling, Kalman filtering and
other localization techniques, stochastic target motion models, and the methodology
of computer assisted search,

The acoustic detection model is based on algorithms for cumulative detection
probability (cdp) involving the (A ,o)-jump process that have a long history of development
beginning with reference [b] in 1964, A commentary on the validity of this line of
model development is found in reference {c¢]. In reference {a], the theory is extended
to the case of a randomly sampled jump process,

Models for target localization and target motion analysis (TMA) also have a long
history of development, The SCREEN program uses Kalman filter techniques developed
in reference [d], based on the "information flow" approach to the Kalman jteration
technique, This work is representative of a number of generically similar approaches
to TMA and should provide a reasonable expression of expected localization performance
of bearings-only and active sensors, Reference [a] extends the basic Kalman iteration
to include correlated observations, which is an important improvement over previous
algorithms,

The SCREEN program evaluates screen performance against targets that follow
penetration strategies as dictated by various target files created by the SCREEN user,
Each target file describes in essence a target diffusion process which is a discrete-
time analog of the Integrated Ornstein-Uhlenbeck (IOU) process, The IOU process,
and other processes for target motion have received substantial study in recent years,
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The methodology of computer-assisted search (CAS) also has a long history,
and since the SCREEN program is representative of one line of CAS development,
an extended discussion of its development seems merited at this point,

The use of computers in planning search effort goes back to the H-Bomb search
off of Palomares, Spain in 1966, and a subsequent extension of the technique in the
Scorpion search in 1968, This early methodology was further developed and used
in the first real-time computer program for Bayesian search planning, the U, S,
Coast Guard CASP program. This has been operational since 1972,

The essential innovative features of the early search programs were the inclusion
of target ""scenarios' to define prior target distributions and move them through time,
and Bayesian updating to show the effects of search effort as an aid in subsequent
search planning, These programs are Monte Carlo simulations and have subsequently
been developed into a line of standardized CAS programs whose development is
sponsored by ONR,

In 1975, as a direct precursor of SCREEN, Dr. T, L, Corwin, then attached to the
COMSUBPAC staff, devised an analytic search program (ASP) for use on a desktop
calculator, The ASP program utilizes target scenarios, described as stochastic
diffusion processes, and evaluates search against them in an analytic fashion, Useful
features of the ASP program which are retained in SCREEN include the capability
to operate the program in real time and to modify the program to account for positive
contact information, remove such contact information, and adjust search tactics in
real time for actual, versus planned, operations,

The analytic search methodology of SCREEN is an outgrowth of Corwin's work,
Work on SCREEN commenced in 1976 under the initial sponsorship of CAPT W, Mitchell
of Op-96., The initial structure was developed by Dr, Bossard and the first working
programs were produced in early 1977 with the substantial assistance of Dr, W, H,
Barker, The first working program provided only detection performance measures,
These were subsequently extended to include localization measures in the summer of
1978,

In mid-1978, the SCREEN program was used for the first time as an important
analysis tool in the Submarine Alternatives Study (SAS) which was conducted by
CNO (Op-02) at the request of the Secretary of the Navy and led by CAPT James
Van Metre, In that study, the SCREEN program has been utilized extensively to
analyze alternative U, S, submarine designs in the Anti-Surface Warfare (ASUW) and
direct support roles, In addition to this use of SCREEN, it was used in various short
analyses by CNO (Op-96) in the winter of 1978-1979. Based on these uses, many
improvements have been incorporated into the program and increased confidence in its
utility and general model accuracy has been gained,




A number of analysts, in addition to the authors of the present report, were
involved in the development and testing of the SCREEN program. The principal
additional contributors were: Dr, W, H, Barker (1976-1977), Dr. L. K. Arnold
(winter 1977-1978), and Dr. B, E. Scranton (since Fall, 1978). Mr. B. M.

McDaniel was extensively involved in programming aspects during this period of

time and Mr, R, L. Andersson developed a number of computer '"bookkeeping"
routines useful to the program. Dr. Scranton was responsible for much of the testing
and improvements to SCREEN included during the SAS and Op-96 analyses noted

above, Dr, D, P. Kierstead also provided a useful critique of the program algorithms,

We wish to acknowledge the excellent support and cooperation of Op-961 from
successively CAPT William Mitchell, USN (ret.), Mr. Robert A. Hallex, and most
recently CAPT Raymond Wyatt, USN, Without their continuing support and
constructive help, this project would never have achieved the present state of
development, We wish to also acknowledge the support of CAPT Van Metre and of
Dr. David Stanford of Science Applications, Incorporated, who sponsored the use
of the SCREEN program in the recent Submarine Alternatives Study.
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CHAPTER [
INTRODUCTION To SCREEN

This report is a user’s manial for the SCREEN projram, a tonl ftor
analyzing submarine warfare engaaements, In this chaoter., an overview
of the program is jiven. Chapter [I then Jescribes a variety of wAays
that SCPEEN may he used as an analysis aid. Chapter [1I describes the
use »f the »rogram option list, Aassuming that the Jetailed sensor,
environment, and ftarqet files exist. Chanster IV treats the {ata files :
1sal in SCRFEN: their contents and prenaration. Chanters V and VI
contain an  eaxtended example ot the tise of SCRREN., Chapter V adiresses
the orohlen description and set-un phase, Chapter VI ill'istrates the j
11s2 nf the analyses ontions in SCREEN, i

i Tha SCR=FI proagram mndels the acoustic Jetection and localization
| narfoarmance of A defensive antisihmarine warfare (AS1) Screan ahout A
tash” force or high valiue shippinjy nnit. It nertforms this mndeling by j o
Allnwing the user tn constrict screen  formAations and test them in i
fiff2rent acniustic environnents ajainst various tarnet penetration
tactics. W2 helieve that the SCREEN nrojram is the most detailed an-
tlaviole progran ot its kind in existence, The remainier of this
chaster jivest first, an overview of the intended uses nf SCREEN;
sacnnd, A orieft foray into the underlying concents involveds third, an
ountline »f the projram structures and tinally, some historical nntes.
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2CeN _Applications

The SCRSEY proqgram is intended to he a tonl for use in analysis of
ASA screens. SCREFNl nerftorms many of the laborinus detailed
calc.ilations which should proparly he side issues ani not the main
tnctis of screen analyses.

In 2 tyoical anplication, the ASW screen modeled consists of one
nr more high value units (4VUs) surrounided by a configuration of
stationary or moving sensors. The screen, together with its protected
force, moves through an ocean Aarea along a planned base track
(A4esijnatai PIM = Position and Intended Motion). /Ine or mora targets
will attemnt o»enetration of the screan following specified planned
anproaches. After establishing initial conditions, the bprojram steps
th2 anjajenant in  discrete time stens. At any time step, the various
inpiits can be moditied (if desired) and the detection or localization
narformance can be evaluated,

The SCREFN program is Jesijyned to be 1sed either as a study aid
(hatch rnomputer processing) or “real time’ analysis tool (interactive
comyiter processini). The study mode of operation worild typically be
ised in analyses ot alternative SCRESEN designs or ASW nlatform studies.
In this mnde of operation, all the necessary inputs and sequences of
operation are specitied in advance and the program proceeds to riun in 3
vaten mnde without further involvement hy the onerator.

An example of recent :se in tha study mode {is in the Submarine
Alternatives Study, describad in referenca [e]. The analysis involved
two alternative screen formations and three Alternative environments.
For :ach of several alternative submarine desians, a variety of
oenatrating tactics were developed and then playeld anainst the
estanlished sensor files aai environments, DNesign excursinns, such As
chaajes which affact radiated noise characteristics, were easily
incHorporated by usina tha various proaram run options that will be
ingeribed helov. In this analysis, only the detection features of the
ornram were nsed. One could imagine a similar analysis using both the
datactinn and the localization features of the SCREEN nroqranm,

In tha “real time’ mnie of operatinn, one 1imagines a one- or
twn-sided j3ame 1in which the sensor screen and targets form the
(nnn35ing) sides. In this case, the envirnanment may hea assumed fixed.
The two sides wo'ild begin the -ame by establishing initial screen
sensnrs for the task force and initial tarjyet venetration tactics for
the tarnets. The game could be playei nne or more time stens at A3
tims. The outcoame of the 7ame at each onause of the game would he
exanined. At each patise in the ;j3ame, each player wo'tld have the ontion
to 1lter #nis stratejy Hased on the current information nrovided hy the
vari nis analysis options. Then thase actions woitld be evaluated at the
aext panse. In this moje, tha SCREEN proaram is run  interactively on
the comnuter,




2CRECN Performance HMeasiras

The screen performance is expressed hy two performance measures,
one related tn detection Aand the nther tn lncalization., FHach of these
measiires is expressed in turn in two wayst as a short-duration
"gnapshnt® or as a long=ar duration cumiulative performance measure, The
snapshot performance measures Aadiress qiestions ahonnt short-term
nerformancet "How am [ deoiny now?" or, "HYow did I do at hour 32" The
cunilative performance measires, as the name 1implies, state the
comnined effect of the screen or sensnr group evalnated over an
extended parioil of time, Ciumrlative measures Aaddress sich questions |
Ast "How well localized will a flank penetrator he hy the time he is
60 nautical miles trom the HWYU2M

Detection of a tarjet by a saensnr is asstmed to »ne a3 stochastic
procossi that is, it invnlves bhoth deterministic and rancnnm
(nrooablistic) pnhenomena. A full ‘descrintion of this process is given
in Shanter Il of reference [al. [In hrief, the nrocess is as follows.
The si jnal processed by a sonar is the sum of a mean valns Adetermined
by the Sonar Equation and A random valiue which we descrihe as 13
(lamiyda,siyma) jump prncess, where sigma is the standard deviation of
the raniom conponent and lamhida is the effactive rate of independent
samnles of this ranidom component(numnoer of samnles per hour), When the
totil signal exceer-ds a "detection threshold," a detection nceurs. If
the mean signal is high (substantially over the detection threshold),
then the defection probability is hiqgh. If the mean siqgnal is low, the
short-tarm detection probability i{s low, but still it 1is nossihle tn
911il{ over time to a siynificant cumulative probability. The snanshot
detaction performance concerns the short-term detectinn bprobabhility,
and is clnsely related to the valiie of mean siqgnal excess, Cumiplative
detaction performance, on the other han:id, involves hnth the mean signal
excass taken over the diuration of the search and the accumiglation nf
detaction opportunities over tine,

Not all sensors that have high Jetaction performance are able ton
1ncalize the contacts accurately. Thits, the SCREEN proaram has the
capability to evaluate 1ncalization as well as detection. This
localization measure is described in Chaoter [Il nt reference [Al, For
our present ourpose, it is sufficient tn state that the measure nsed
relates to the expected localization information fornd in a3 Kalman
filter solutinn formed on the target. As with detectionn, there is 2
snanshot (short-term) As well as a cumilative nmeasnre of localizatinn,
The snapshot measure evalijates the mean localization infoarmation
availahle in Aa short span nf time, Hasically, such localization arises
fron cross tixes between nassive sonAars holding contact, an Aactive
sonar contact, or comhinatinnsg nof thase, The cumilative measure is
akin to target notion analysis (TuvA), It Aadditionally (indirectlv)
incnrporates such localization Adata as hearing rates an.{
aonsimultaneans bearings from different nlatforms.




The 2rojram._Structure

In this sectinn, the lajical strictiure nf the SCREEN orogram  is
axnlinead,

Data_files. The SCREYI proagram gets its  innnut  Jata  from three
tvoes of data files, tojether with inputs nrovi-ied directly by the
onaritor. The three file types are:

(1) Aan environmental file,
() a sansor file, and
(3) one or mnra tarjet tiles,

Nl one eich nf the enviroanmantal and sensor files may he 1sed at A
tima, Hut multiple target tiles are allowed,
Al
Jonn nrogram initialization, the SCREEN nroaram cies the user for
file identifications. The spacified files that alreaidy exist fronm
vreviois work are accessat, ani the "Iser is promnted for the inputs
rejired tn  create any other fileas, The contents and nreparation of
thes: files is liscussat in Chapnter IV, [t it is desired to alter the
file contents, or to 3ccess Jiffarant files Aduring nroqgram axecitinn,
this is easily fone by selectingy an annronriate progran ontion.

Projram_oobtions. After declaringy the active files, the obproqgran
operator is qgiven a choice of nroiram execution notions which he can
152 to {irect the sunseguent flow of the nrojyram, A summary 1list of
thesa nntions 1is ngiven in Tahle [I-1. The ontions are descrihed in
det 1l in Chanter [1]l, Some of the things that can be done with these
nptisrns incltudaz:

(1) nake formatted lists of the innut file contents tsed
(LILOSs, LCOH, etce)

(?) compite detectinn cnverage map for a single  sensor,
snacified jroun of sensors, or the whole screen (P))S::
or PISTEPR),

EY
N

(3) comnute a tarqet localization coverajye map for a Aroun
ot sensors nr the whole screen (PNSTEP),

(4) Adisnlay a map nf the nrior taraet probabhility
fistribution, 3s determined from the target files
(UAD MADL ),

(5) comoite and display A mao of the eastimated postarijor
tarqet prohability distribution atter search has been
condictead, (MHAP HAAPLY

= R




(6) compute the cumilative prohahility that the screen
Jetected a tarjet at each time sten of anproach,
(CP,CDPL,4AP,MAPL), and

(7) summarize the screen lncalization parformance At each
time step ot Aanproach (CNDPL,MAPL) .

A coverage map stperimonses a Aridwork over the operating Aarea
surrounding the screen nr sensor and then computes for each gridooint
the conditional snapshot detectinn or localization assuming a tarqet is
located at that gridpoint. The tAarqget tiles declared during progran
initializatinn define equally prohahle target scenarios, Thus, the
tar;=2t prior is a comnosite over Aall of the declared target files.

The detailed description of the vAarious input parameters, the
sophistication of the alqorithms in use in the SCREEN program, and the
multiplicity ani complexity of its wvarious output forms make it =3
insefiul and flexihle proaram, Unfortunately, this detail requires a
sunstantial amotunt of computer nower and the basic files are tedioniis tn
set up initially. However, onca the hasic files have heen estahlished,
most of the prnjgram’s complexity will be transparent ton the user and
the srogram can be run with a modest understanding.

sttt




TABLE I=1
QPTIONS [N _SCREEN

Ynokleening COM Invoke Command File

OUTPUT Neclare File for Output

NDOHE Exit Proaram
File Set-Up INIT l.oad Pata Files or Create New 0Ones

TSTEP Alter Ciurrent Projyram Time

POSIT Add SPA Contact Data

REAR Add BeAaring Contact Data

4ANG Constrain a Marginal Distrihution
List Fila LLA)SS Il.List Propagation Loss Curves

[LCON l.List Sensor Contotrs

I.PT4 List PI4 and HVY Parameters

[.SEN [.List Sensor Parameters

LTAR [List Target Parameters
Uniite, Mniify Files ULOSS Modity Propagation loss Curves

UCHN Hordify Sensor Contoirs

UPIM,UHVU Modify PIM and HVU Parameters

USEN ‘Jndate Sensor Paramaters

HTAR Jodate Target Parameters
snanshnt Evalration  PIMBEN Disnlay Sensor Coveraje

PDSTEP Yisplay Groun/Screen Cnveraqge
Cumilative cnP Comnute Cumiulative Netection
Evaliation Performance

CHrL Computae Cimnlative Detection anAd

Localization Pertormance
MAp Compute Netection and Display

rinor and Posterior Target
Distrihation

MADIL. Compute Netection and
LocAalization and
Nisnlay Prior and Postarior
Tarqet Distrihution
and lLocalization
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Historical Ngtes

Tha beginnings of the SCRKEN theory can be tound in early Computer
Assisted Search (CAS) work by Wajner, Associates. In particular, the
notion nt searching ajainst a tarqget oprior distrihutinn which is a
composite of target "scenarios" is due to this early eattort. See
reference [f] for a disciussion of these cnncepts.

An imnediate ancestor to SCRFEN was a set of interactive projrams
‘fevelopad for the Pacific Submarine Force by Dr. T. I.. Corwin in 074,
In "is orijinal development (see, for examnle, reference [4)), a
comaitter program was desined for use on a dang dasktop calculator tn
assist A carrier task force in desianing its screen coverane sn Aas tn
Jdetact nnposing screen stubmarine nenetrators., The projram was desiqgned
to be used in real time and Aallewed the inclusion onf contact
infnrmation Aas well Aas retrnactive corrections to sensor parameters anf{
contact data as the prohlem evolved, Orininally designed as a tnol tn
a{d in Hesigning direct sunport submarine patrol Areas, the proaranm
provad to he ganerally useful in a numher of successfiil onerations.

Abnut a year after Dr, Corwin’s  original work, 0On-=-061 (CAPT
Nilliam Yitchell) eaxoressed A desire tn desiqgn a computer nrojram tn
evalriate alternative task force screen desians. The nhjective of this
analysis was to Aallow Op-961 to test pronosed new system nrncurements
in the rcontext of a orotective screen consisting of a3 variety of
sensors, in order to determine their marjinal contribution to the
overill capability of naval forces, The obprogram as nriginally
concz2ivad was required to be tlexible enottth to describe various
alternative sensor platforms in sufficient detail to distingiish amony
various design nbjectives,

The first programs develoaned for 05-961, restricted to Adetection
measires, received favorahlas rasponse when they were damnnstrated in
1977/. Early in these raviews, CAPT Jnhn lUnderwood, USN (retired)
stated that localization information, as well as detection information,
sho1ld he insluded. The present version of 3CREEN adiresses that task
and provides hnoth capahilities,

The SCREEN program has been used extensivelv over the past 15
montys in  various Navy studies, particularly the Siubmarine Alternative
Stuly, sponsorad by On-=-12 and some additional short timeframe analyses
by =94, The Op=-12 work 1is the most extensive done to date., A
summiry of tha results nf that analysis is cnntained in reference [e].

current _program status, As A result nf the recent use of SCREEN,
we teel__that the detectinn portion ot the program is tai-ly well
chacked outs._ It should he noted, however, that there are 1iterally
millions of possible branches durinnt the course of an  Aanalysis
ntilizinj SCREEN and that it is physically impossible to exnlnre all of
theses branches tor lngical tlaws 1{in the proqgram, Thus, while we
axpr2ss confidence in the overall performance in the Jetection portion
ot the projram, there may remain some patholoyies to be corrected. It

- /=




is nnly slijhtly humorous to note that virtually every time a freash
anilyst has bheen introdiced to the oprojran, he has discovered some
nevnlorad hranch and ustnally has unearthed some hehavior in the SCREEN
proiram which resulted in rogram molificatinn,

In cantrast to the detectinon pnrtion of the program, the
localization optinns have raceivel very little use bayond the initial
e 13inge  In the near future, when the 1ncalization nerfarmance 1is
1sef in varinis stiudies, it can ne exnecta2d that some changes to the
ororam will b»e indicated, iIntil evneriance is obhtained, it 1is
imoassible to axpress the same faarae of contidence with respect ton the
1nchlization noartions of the nrnaram as has haen axpraessaed with reqgard
to the detactinn nortions.,

The rurrent nroaram exists as a single large  FNORTRAN  program,
jecarse of  tha  larje numher of nrogram ontions availahle, the 'inified
cole ncc'inias a tairly lar 2 amaunt nf comprter memary and  therefore
rejiires A very capabhle computer tn rin, It is expected that in the
near fitira the proaram will be broken intn lojical units which will be
infivif1illy executable with mnre mndast mamnry requiremnents,
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CUYAPTER II

[HE USES OF SCREEN

In this chapter, the uses of 3CREEN are discussed, The first 1
section sHtrveys the types of nroblens that can be aidressad, The next
two sections treat the tactical decisions which Are necessary to

: provide a tactical description of the oroblem to be analyzaed, Finally,
sone overall remarks are made on the nHossihle aAnalyses that can be
pertorned with the SCRREHW proqgyram,

LThe Classes of 2rovlems Adiressed. by SCREEN

The SCHEEY proqgram is nominally designed to aid in the analysis ot
an AsW dafansive screen placed about hij;h value shipping., However, the
projram design lenlds itselt to A broader range of applications.,

At one extreme, the SCREEN pbrojram can he used tn analyze isolated
tactical problems, Examples of these are as followss

(1) Jpe=-pon=-one enjagenent. A screen consisting of one sensor
nlatform (ponssibly with several sensors) can be the
basis for an analysis of a one-on-one enjagament. #hen
A sutticiently short time steo 1{is chosen, specific
ipproach/evasion maneuvers can  bhe modeled for nHoth the
sensor platform and the target, The Kalman ftilter 1
tarqet motion Aanalysis bhuilt into the localization : |
portion of SCRSEN c¢an estimate the refinement to a
fire-control solution, Parformance in Ai fferent
environments can be AanAalyzed. Use of several sensors
simul taneously, including selective use of’' active
sensnrs, may be examined.

(2) One=on-many_engzajements, The SCREEN progran can Aassess 4
the pertormance in detection/localization by a single
nlatform aqgainst miltiple simultaneous tarqets
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considerin; the sensitivity to environment, the effect
of relative hearings hnlding contact, etc.

(3) Yany-pon-one, Mnany-on-many. engagements, The SCREEN
aroram can  also Aanalyze various tactical enjajements
amonj several search platforms ajainst one or several
targaets including differingy Jejra2es ot task force
cominicitions (nossibly requiring interactive rather
than natch operation nf SCREEN),

(4) Use of reactiva screaen elements, The SCREEN orogram can
axamine Aan enjagement Hetween a reactive scraen platform
(surch as a deck- launched weapon or search platform) and
a tar jet. This wonld require two separate runs of
SCREENt one run to moiel the jeneral task force screen :
or the pertformance of the host olatform’s search -- f
which is used to jenerate the detection and localization |
opportunities (locatinn and size) tor tha reactive
forces == and the second rin tn model the reactive
nnits’ performance (redetection and lncalization).
Jndoubtedly, the secnond riun wonuld wuse a mich tijhter
time step and spatial resnlution than the first wnuld.
fhis type of anAalysis would ai{d in nroper nlacement of
reactive forces within a screan,

e e

(5) @Rlacenent of screen uynits _and mojuyles. The SCREEN
program can heln analyza the eftects of task torce
noise, the nnssihilities for mutual exchanqge of
infornation, and the placement of localizinj) reactive
forces. A typical example nf this analysis is placement
of a tlanking sonobuoy field, taking into consideration
the effect of task force noise interference.

At the ooposite extreme, the SCREEN program can Aassist in
Analyzinj the performance of A task torce in an extended scenario. A
Hunter-=Killer (HUK) Grotip evaluation may aextend over days and include Aa
niumber of environments, The evaluation of task force transit
vilneranwility includes Adifferant environments which imnly Jifferent
lfet2iisive screan contigurations and difterent attack tactics. Such
An1lyses wnould involve a composite of several senarate runs o»f SCRFEN.
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Designing.a _Screen

In this section we will discuss the thought processes that are
involved in designing a defensive screen., Any analysis invnlving the
SCREEN program will utilize some thought process in the screen desiqgn
and perhaps use the SCRREN program to moditfy the desijn from time to
tine,

A task force screen is primarily desijned to counter the likely
penetration tactics of opposingy submarines. The oppositinn oresumahly
has the mission to attack the high wvalue units in the task force.
Possihbly, the attack of the escort units themselves is a secondary
objective, 3Success for the target may one measured by oenetration to a

Jesigynated weannn la'unch reqgion. Success as defined hy the screen is

to minimize the likelihood »f this event.

Before we discuss the gquaestion of what measure »f eaffectiveness
the screen shoitld use in Aassessing its performance, we note that a real
encounter between A defensive screen and opposing submarines is a
twn=sided ;ame where each side has partial information ahnut the other
side and each silde 1is operating nunder certaln ccnstraints that limit
its noptions. Theoratically, optimal screen design shoil i he a solution
to this two-si-fed game, In practice, however, the solution
anssihilities 1re sa numerons that no computable solittion to the game
is nossiolet the '1sual procediure {5 to pnstulate reasonable tactics,
evaluate them, and modify them in search for configurations that yield
improved performance. This is an inexAact science subjact to errors 1n
application.

The smart target, Usually we assume that the penetrating target
has some {intformation apbout the screen comnosition and that it will
Attenpt to evaide screen units to the extent nf its knowledje subject to
the nrimary objective ot accomplishing its mission, This beina the
case, the task of the screen desijner is to nroduce a screen which is
suftticiently nonporous that the anticipated intellinent target will bae
Hnanle to exploit gaps in  coverage, Such qgaps might anpear, for
exanple, betwean an oiter screen an{ an inner screen., The opnenetratin)
tarjet could exploit a nap by skirting around the outer units and then
passinj ahead into an advantajeous position, 0f cnurse, for each
modified screan confiquratinon, a new set of intelliqgent target
penztration tactics is proovable. At some point, small changes in
tactics prndice neglinible changes in screen contiqjuration and the user
considers the screen to he fixed, [t is important to realize, however,
that in reality this 1Is A Jynamic two-sided problem Aand that design of
an nptimal screen ajainst fixed penetrating tactics may resiglt in an
optinistic assessment of performance when in fact the nenetrators may
he ahle to adapt their tactics. Conversely, the desiyn of ontimal
penatrator tracks Against a fixed screen configuration may result in an
optimistic assessmant of the penetratnr’s capability when in tact the
task force commaniaer may bhe able to adjist his screen placements.

Operating constraints. In addition to consideriny the two-siied




jAam2 with the tarqget, the design of a screen must take into account
varioins operating constraints, The most obvious, oerhans, is that the
spenr i of advance dictated by the PI4, which the screen defensive units
nay e onlised to maintain, may not be nptimal for their search
functions, We do not wish to discuss the question here, biut experience
inifcatas that aircraft carriers do not slow down to give screen units
nonnrtiunities to search  for or Attack attackers, Thus, sometimes
seasHr nlatforns must enjaje in sprint and drift or similar search
tactics resnulting in incnmelete or less than optimal coverage ot the
search Area, Somntimas the penetrating target can take advantage of
these 3aps in coverage, particularly after it <etects the noise
radirtef hy the search platform during the sprint phase.

Other constraints on the screen desiqgn include c¢nllateral duties
of some of the sjearch units, particularly the case of surface platforms
in the inner screen about an aircraft carrier (CV). Stuch screen units
may Yave tn nerforn noint defense a53inst cruise missile attacks,
retrieve downed aircratt and nilnts lost at sea, as well as perform the
usyal screan detection functinns. These nther Aduties not nnly distract
tron the janaral search, but also force the rscoarts to maintain a
Jositian very close to the high raiiated nnise of the high value units
#hich may further fejrale their ‘detaction performance,

Tha oparating characteristics ofthe search units provide another
common sourca »f constraints. For exanple dues to the andurance nf the
afrcratt, helicopters can maintain sonobluoy tields »nly to Aabont 49
miles from the launching platform, This limitatinn mAay result in
son-duitoy fields bein; placed In hijh backgroiund noise rejions or in
pnrtinns of  the search Area where their .ontrihiution is less than
ontinal.

Communications ragquiraments are the bhasis of another kind of
constraint on screen units, T[lirect sunport submarines are an obviots
axamale of a screen unit whnse perfoarmance may face several limitations
yacrisn ot thae comanfc-rtions rapirement., VO ajrcratt may not be
availahlae hecause of assijnment tn comminicatinonsg relay, nr may not bha
abl= tn monitor As larje a sonobriny field fue to collateral tasks,

Propear :asign mist take these varions constraints into
consideration,

26r2an_measuras. Qf effectiveness, It has heen mentinned varinus
places that the SCREEN pHrogram contiins hoth detection and localization
measures. Historically, analysis of screens hAas been rastricted to
fetoction necaiuse it has hren Jdifficult to ontain jeneral localization
oartnrmance measires, A tew silations can perhaps Aassess the
nfficacy of a jiven fixed screen hut lack in flexi»ility. The SCREFRN
projram 3llows the pntential for evalating screens trom the viewponint
af their localization capability.

Nifferent types of screen 'inits disnlay widely varyinn Adetection
ani localization pertormanca., Passive aegcorts which ut{lize the toweld
arriys frequently are characterized Yy vary 1nonq ranje detection




capahility. However, the ahility of these sensors to localize the
targat 1{s often very poor, In addition, the nassive platforms are nnt
necassarily quick response platforms, and so even {f they could
localize the targets, they might not be in A positian te launch a
weapon. Other screen elements such as helicopters using dipning sonAar
are axtremely =ffactive in localizing contacts once a detection has
been mafe, out are fairly ineffective in Achieving Jetectinns if the
search area is very large. Active sonars g@generally provide good
detection and localization capability but the tarjet can almnst always
hear the active sonar before the sensinjy platforn can detect the
tarjat, and so there is the serious difficulty of the tarjet attempting
to evarle active screen elemnents,

A well definel screen in tarms of hoth detection and localization
performance would place its detecting units so that A target wmild bhe
localized with high prouability by the time it arrived at its launch
rejion., If continuors full coverage 1is not nossible, then early
warning mijht ananle quick response nlattorms to position themselves in
order tn prosecute. This tyne of mutral assistance amony search units
may provide the opest overall screen design. dhils it is difficult
enoi;h to ‘desijn A static screen if the twon=sided game 1is allowed,
desijning A dynamic screen in which screen units react to their own
detections is prohahly an order of magnitude nmore difficult. These
questions lead to challenqging and stimulAating analysis.

Real time vs, study _mode desizn.The logical anppronach to desiqgninj
a static screen is with the study (hatch) mode of operatinn of the
SCREEN  program. Candidate screen designs can be played ajainst
appropriate penetrating tactics and the results analyzedi the measure
of nparformance 1is minimization of the pronability of a successtul
attack hy the osenetrating submarine.

In the past, the SCREEN nrogram has also oeen 1sed in real time
analysis to plan a dynamic reactive tyne of screen. In the work by
Dre T. L. Corwin at COMSU3PAC, which formed the hasis for SCREEN, the
projrams were tused during actual exercises involving a task force with
diract sunport submariness this reactive screen desiqgn was thn
princinal application of the early programs. Further remarks alon;
this line will he made In discussinns nf tises of the SCRESN proqgran
velow,
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Qesijning Penetration Tracks

Tha deasign of penetration tracks for the targets is, of course,
simnly the other side of the two-si-led game. The principal parameters
in this design involve the target’s understanding nf the screen which
he 15 trying to penetrate,

In recent analyses of suhmarine alternatives, the SCREFY bnrogran
«as used to 1nalvze penetration tactics anainst screens consisting of
unth nassive and Aactive screen elements where the cnnsiderations
involved in  the design of taraet penetration tracks included sich
thias as:

(1) the relationshio between tarjyet sneed and radiated noise
(which, »nof course, affected the performance of Dpnassive
sensors in the screen andi the set of feasible Aapproach
tracks),

(2) the ranquirement imposed onn  the penetrating submarine to
nerform a ro1ih localization of the screen elements in order
to desijn avasive manenuvers,

(3) the re;jquirement 1imposed on the penetrating sihmarine to
comminicate, clear baftles, and perform other hotisekeeping
functions,

(4) A total tine budqget during which the approach to Aattack had
to he achieved,

(5) the distrinsution of initial arrival from which the task force
nenetratinn was assumed to conmence,

(A) a selectinn amnong two Alternitive weannns with Aattendant
larmch range reqriremants,

(7) A sz2lectinn Amongy alternative lannch nositions foar a  jiven
weapon, Aan‘d

(3) (narticilarly annlicable tn Adiesel submarines) the ability to
maintain sufficient reserve propulsion capacity to escape
after the initial attack,

This analysis of target penetration tactics was probahly more




elahorate than woild typically be enjyajed in screen analysis, but it
turned out that the care involved in target track desijyn was needed to
show the true effect of the differing candidate submarine capabilities.
Reference [el is the summary report of these analyses.

[t should be noted that the target tracks -esijned for screen
include uncertainty information 1in the placement of the tarjet track.
This uncertainty can reflect eithert (1) the screen’s ncertainty as
to the target’s location on an asssmed approach tactic, or (2) the
tar;et’s assumed uncertainty in the locAation of screen units since the
placement of his track on a relative motion “oard abhout the screen is
subject to error due to his uncertainty concerning the location ot
screan units.

gerformance Assessmnent

The performance assessment that is done by the SCRESEN program
serves the purpose of first designing screens ani/or penetrating
tactics, Aand second Aassessiny the resultant performance ot these
defined screens. As mentioned Hefore. there are twn 32neral measures
ot partormance providel -- detection and localizAation -- and each of
these has hoth short-term (snapshot) and a lonj term (cumilative) level
of nartormance., e will discuss each of these in turn,

aniapshot coverage 1aps, The short-term performance of Screens 1is
nsed 3s  the basis for so~called coverage maps which »asically provide
the pictorial representation of hnw well the screen seAarches out the
coveraje area of {ts sensors. For bhoth detectinon and localization
coveraje maps, the basic condition Aassumed is as follows. A grid work
is saperimposed over the operating Aarea selected. For an individual
sensor or sensor group, it woiuld be a region abonut that sensor or jroun
or it could be the coverage area ahnut the entire screen., The size of
tha coverage area is an input provided oy the user. At every gridpoint
of this coveraje area, the performance of the sensor or sensor group or
screen Is evaluated conditioned upon the pbresence of a submarine tarqet
at that gridpoint.

Typical coverage maps are shown in Chapter VI. A detection map is
basically derived from the sonar equation. By postulating a tarqget at
each of the jridpoints, the detection probability for the screen is
evaluated and a number i{s placed on the Jridpoint which 1Is ten times
the probability of detection computed for that gridpoint. A bhlank (no
entry) indicates that the 1detection probability was less than ,05, A
star indicates that a value greater than .95 was ohtained and a numeral
betvaen one Aani nine indicates that a value within .05 ot that numeric
Juantity was obtained., By superimposing coverane maps for sensors or
by calculating coverage mnaps for screens, it is pnssible tn see at 1a
jlance where tha high coverajge areas and lnow coverage areas exist. As
A first step 1n coverage design, the screen 1inits would be shifted
ahont s»n as to provide a pleasing aopearance to the corresponding
coveraje maps. We have deliberately avoided stating what "pleasinj" is
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hecause it may he a function of a number of thinjs. ne may, for
exannle, choose to allow 7Japs in detection coverage mans in order tn
provide ovaerlanping coveraje which wotld give netter localization. 0One
miyit alsn desire to proviide increased cnveraje alongy the lncations of
most likely anmnroach tracks and provide only limited coverage where the
approiach track%s are lass liltely.

& jiven coverane map Is applicable to A specific set of radiated
tar ;2t noise lavels. since different apnroach tracks may entail
diffarent target noise patterns (because they entail different sneeds)
and hencs Ilifferent radiated noise levels, several coverage mans may be
aecessary in or ler to ohtain a jood compnsite coveragje picture,

lLocalization coverage maps are analojous to detection coverage
M5 except  that they provide information abort snapshot localizatinn,
5ince the snanshot localization mans consider short perinis of tine,
lncalization is only Aachieved as there is an opportiinity for a cross
tix vetwren passive detection s2nsors or 21 active detaction (in which
cAase, hoth range  and »earing  are ohtained, and, therefore, A
localizatinon nocurs immediately), In the desiyn of a screen, the
locilization snapshnot mans  may he usaefyl if it is believead that the
oonortunities toar cross-fix or accurate cnverayje can he canitalized nn
in ~lacing Active ftnrces or achievingy attacks, Imnlicit in this is the
reytiirement for comninications which has nnt hean ‘discussed thus far.

Cinalative detection measuras, Tha uultimate onerformance measures
for the screenr are the cumulative oerformance measures. Snanshot
coverajz? nmaps re only an indicatinn of Jetection and lncalization ani
Jdo ot take into Account the kinawatics of the nroblem which are all
imonrtant in the final analysis.

“he cunulative detection measrires are of twn types. Flrst, is the
calcilation of cumilative probability of  dJetectinn ajainst specifiad
tar jat Honatration tracks as A function onf tine, This probhavility can
oe nsed to calcrlate siuch measures as thae probability of  detecting A
tar jot orinr to the arrival »f a target At an attacv lainch ponsition.
Such a cumilative fetectinn measiure wonld oe used in study (hatch) mode
nof oyeration,

In adiitinon, it 1is opossible to usa the cumwilative detection
meas'res in dynamic desijn of a screen by examining the posterior
fistrihution of tarqets qiven search by the screen with nn positive
det2ctinn results, In this circumstance, the region where the coverage
was heavy woul I have bheen well searched and therefore less lively tn
cnntain th=2 tarjet if no detection was in tact onservedl, On the other
hani, lijhtly covered areas woulil tend to be more lively spots for
tarjets to occur. FExamination of these nosterior ™maps may reveal
tar a2t "hotspnonts," i.e., localized Aareas where the posterior map was
sijniticantly higher thoan elsewhere , After the SCREEN proaram  is
anecit~ | {ateractively, it would YHe lnogical in subsequient tactics tn
place r2active forces so as to cover these hntsnnots as they develnp.

[n actial rise of A nroagram similar to SCREFN {n the Pacific, these
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hotspots arose in a number of tactically significant ways, Frequently,
parts of the planned coveraje of a screen woult remain dncovered die,
for example, to equipment ontajes, Once these orutages were

incornporated into the screen evaluation, their effect would ba reveale
in the posterinr maps rjenerated,

By examining these posterior maps, it was possible tn construct
collective action which wo'lld search some of the ganped coverage area.
Hy this means, 1t was possible to partially recover from systen
malfiunctions hy dynanically evolving the screen,

Cimulative localizationn is in essence A Kalman tilter solutinn for
a tirget following the postulated anpronach tactic. As time evolves, it
is nnssible for a passive screen to Adeavelnp a very accurate target
localizatian and this is reflected in this localization measure. Thus,
it is in priaciple possihle to desin 3 nassive screen about a task
force to localize a tar et by the time it nenetrated to a nredesignated
critical reginn abont the high value units, It would be Aa9vnrooriate
than to place reactive forces or other attack weapon systems so that
they conld prosecite localizations achieved hy the oiter screaen
elements. To the best of our knowleije, nNn screen to late has been
iasi jned with this tyoe of analysis and so the true value »nf the SCRITF'I
projram in Ai:ling such design is tuntested at this noint.
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CHAPTER 11
PROGRAM OPTIONS AND_OPERATION

This chapter tells how to use SCREEN and modify the ‘inderlying
data files. [t is assumed that the fetailed tiles <efining the
sitiatinn alreajy exist. The preparation of these filas is the topic
of ‘hapter 1V, Some technical terms Are defined in the corresponding
saction of Chapter IV, however mnst terms will bhe familiar to those
acquiinted with the sonar equation and its use,.

The SCRERN prngram is huilt aronund an ootinn list from which the
user selects the tasks +he wishes to perform. Upon completion of an
noption, the projram again returns tn the main level option list ftor
further task selection. Some of the nontions lead in turn ton a secont
levz]l ootion list which Jdefines the tasks that can be nerformed within
that oaptinn, Other options request Aata inpit from the user prior to
pertorming the selected task,

In this chapter two conventions are used withoint further comment.,
First., ranjyes nf many parameters are limnited by parameter statements
which can be altered if necessary at the cost of recompiling the
projram$ these are indicated by an Aasterisk =--= for example, the
current prongram can include un to 40% sensors in the screen formation,
Sacond, user responses to program promnts are underlined,

Beaginning the Program Execution

The actual sequence of user-=provided instructions tn bhagin the
exacution nt S5CREEN depends on the system level software of the host
comruter, The followinjy instructions annly to the PRI4E 400,

For the PRIME, the user Aaccesses his directory, which contains the
pro ram SCRFEEN as well as varions data files that have already been
astanlished. Progran initiation bejins by typing the commandt

0K, 3EG. SCRELN
GO

The program first performs an automatic branch to option INIT
which is described in tull below and in Chapter IV, This loads the
selectr] data files and sets the program clock to the current time ani
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time increment (DELTA T) as specified in the SENS file (if one is
declarad)., There are threa types of data files involved, These are,
toyather with the mnemonic names:

(1) 2RIP files this contains Aacoustic environmental data
nd coartain sensor contours,

(2) 32ENS files this contains the screen formation and
sensor onerating parameters, and

(3) [ARG file(s): this contAains tarqget operatinng
yaranrters. ‘'fore than one tarqget file may he daclAared,

In the simplest mode of oneratinn, the tiles already exist on

lis”, in which case they are simply ileclarad by the resnonsest

ENTER ACOUSTIC DATA FILE 40, (1-90): |
ElTER SENSOR FILE NUMBER (1-992)s ]
ENTRR TARGET FILE N9. (1= 99): |

ENTER TARGET FILE HO. (1- 99): )

In this examnle, the filnrs declirad have the names 2RIPOI ,SENSOI ,an 1
TAR5)1,  Miltinle target tiles nay oa declared, The request for tarjet
fil»s is terninated Hy snecifyingy file zern (/N%), The projram then
exizs INIT. ‘Inte  that the nser can hynass declaring any tyne of file
hy antering a zaro (407),

The nevt compiuter raspnnse is tn print 3 header which tells, amonj
othar things, the version ot SCR%FN that is being executead. This is
followad by an autamatic hranch to aption OUTPUT which is 3 request for
3 tile to receive compitar outputs

ENTER FILENAME FOR OUTPJT (C for consola): QUTRUT
APREND TO PRESENT FILE (Y 92 M)t Y

This allows the user to snecify the FORTRAN name »f a disk file tn
rec:ive the nrogram omtput (in  this case, named ‘Z0UTPUT’). The

selactef file may be anpended or erased and restarted, It does not
Mattar nn the PRIYE: whether the ftile already exists in the tser
directory. [If the user specifies 7C7 then outnut is directed to the

11s2r consnle, Projram proapts and arror messages are sent to the
console in Aany event.




Atter exiting this call to OUTPUT, the program enters
option level and requests the user to select an option.

s o e e e de de e e de e e e A e ke e ok e e ke e e e Ak e ok

INIT TSTEP POSIT MARGE BEAR COMI OUTPUT
DONE LLOSS LLCON LPIM LSEN LTAR

JLOSS UCON UPI4 USEN UTAR

PNSEN PIDSTEP ZDP CDPL MAP YAPL

e e e de b Fe e e o ke e ok de ok b ek ek bk ok b kb ok

SELECT MNDE (HELP GIVES LIST)s

the

main



Sumanary ot Program Options

Th2 projram options are listed in Table [-1. Any option can be
salacted by giving The first four (4) letters of the name. A somewhat
axnided explanation of the ontions is as follows:

COALl allows the nsaer to snacify an existing command file
which the: program will then tollow. Upon completion ot the
comnand file, the »nrenjram returns to the main projram level,

OJT2UT selects a file for computer-jenerated ontput, There
ara two nossible places for output tn he dirscteds ‘the
usar’s console or a namead output file, The 1nser can
Alternate between thess places by the 1nse of the QUTPUT
ntinn, “ach time compiter resttlts are diractedi to a named
outprut file, the usar may append to the end nof the o1tnut
tilea nr he may rewrita that file.

DONE closes all active files in  the comnhuter projram and
narforms a normal projram termination.

[MIT loacrds the PROP, SENS, and TARG fata tiles as Hescribed
in Chapter [/, I[f the files Aalrealdy exist in the user’s
Airectory. then the existiny files Aare loariadj otherwise,
the projram prompts the 1ser to create the missingy files,
The INIT option cm e callead at any time to switch among
varinmis data files.

TSTEP changyes the current tine step. [t is possible either
to increase nr to decrease the current oroqgram time sten, If
the time step is increased, then the sensor and target files
are updated to the new proaram time stepn, If the tine sten
is fecrenased, the tar;et files ~re unchanjyed, out the sansor
file is truncatet! to the new nrogram time stey (i.e., the
sensor information after the new time step is lost),

RPOSIT modifies the tarqget distribution and can h»e 1used to
incornorate postarior contact information on a target when
the program is used in the interactive moileis it can also be
usaed tn constrain the tarnet nrocess  in hatch oneration.,
With A little exnerience, combinations of POSIT, BRAR Aand
ARG can he 1nsad  to  cnnstrict almost  any desired tarqget
strateqy. 5ee Chapter V for an examnle of this 'ise.

JEAR is used to incarporata hearing line ¢cnontact infarmatinn
on A tarqgat, or to constrain the tar et nrocess. This ontion
is a2 conmnanion to the POSIT ontion which :dnes the same thing
with spas.

YA35 1s used to constrain the tarjet process to  equal the
agiven marginal distrinution At the given time. At present it
is anly passible to constrain the tarnet at one tine sten at




a time, although in principle, it 1is possible to make
simultanentis multi-step constraints.,

LLOSS lists the propagation and reverberation curves
contained in the PROP tile.

LCON lists the sensor contours centained in the PROP file.

L2IM lists the PIM and HVU parameters contained in the SENS
file.

LSEN lists the sensor parameters contained in the SENS file,

LIAR lists the tAarget parameters contained in the TARG
file(s),

ULQSS modifies (updates) the propajgatinn or raverheration
curves contained in the PROP file,

UCON modifies the sensor contours contained in the PROP file,

UPIM_(UHVU) modifies the PI4 and HVU parameters contained in
the SENS file.

UQEN nodifies sensor parameters contained in the SENS file,

UTAR modifies target parameters contained {in the TARG
file(s),

PDSEN displays acoustic coverage for a given sensor,

BPDSTEP displays Acoustic coveraje for A sensor group or the
entire sensor screen, Fither <detection only or both
detection and localization coveraje may be displayed.

GQDP compiites cumulative detection performance by a sensor
groun or the entire sensor screen aAgainst A selected set of
tarjets. The targets selected must be taken from the set
established in the INIT option,

CPL computes both cumulative detection and 1localization
performance by a sensor group »r screen,

MAP compiites the {information contained in the CNP ontion and
also 1isplays the target prior and/or nposterior orobability
distribution that results from the sensor search.

HAPL computes the {intormation contained in the CDPL option
ani also displays the target prior and/or nosterior
pronahility distribution and localization that results from
the sensor screen search.
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Snma of these options Alter the files, specifically, the
followiny optinns may result in chanjes to the existing data files:

IsTw? INIT

POSIT BEAR ARG
JCON UP I U0 SS
ISEM UTAR

Tanle [V=2 Aqivaes 3 frlle~ descriptinn nt these changes. Some care must
he xercised in  the 'se of these nptions if it is desired to preserve
certain files withnut chanje. Variois means can be used to avoid loss
nf fi1ta siich Aas creation of dudslicate files or invnking machine

arntectinn on cartain files,

Thase options Aare :dascrihe i in qreatar detail in the sections
Jalow,

g
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Qption COM[

The optinn COMI allows A user to specify an existing command file
for input to the program. The command file must reside in the user’s
directory. On the PRIME a command file is a 1list of responses to
orojram innut requests. The computer interprets these responses line
by line as if they were input from the user terminal.

e

Upon comnletion of the command file, the program will exit this
asption and retiurn tn main proqgram level. The option calls a systanm
suarnutine to open the command file and then reads inputs from the
commind file. The command file starts as if the projgram is at the main
option level (i.e., the first statement in the command file miust be A
valii program nption) and nmust end with the lines:

L e

COMI
TTY

which closes the command file and returns the user to the main level
ootion menu for suosequent {input from the console, For instance, it ‘
COFILE contains the followinjy entries: LL

LTAR
n,n
COMI
TTY

than the tise of CO4l can be illustrated in the following sessiont

e e de de Jo Je ke de dede e ek ke ek Fede deok ik Kode ke dede ke ke i
SELECT MODE (HELP GIVSS LIST): 204l
ENTEQ FILE NAME fCOEILE

ek e e de s e v e g e de ke Fe kk ek ke ke ke ek ke ek ok k
SELECT 4ODE (HELP GIVES LIST): LTAR 4
ENTER START,STOP STEPS (0 = 8)0,N

Je e de ¢ e e Je d de ke ek b b b ek de o b e ke ke e e ke
SELECT "ODE (HELP GIVES LIST)t COMI
ENTZR FILE NAME sTTY

dededede bk ok ke gk ke bk ko sk ek ke ok ko
SELECT 4ODE (HELP GIVES LIST)t[ONE

Tha COMI nption can he used to advantaqe for identical runs with
iitt2rent data ftiles. The datAa files c¢an be loaded in and then a3
comnand file used to perform the repetitive tasks., Sea Chapter V for
eximnles. Tha COMI option can alsn be tsei to great aidvantage in the
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creation of comnlicated files, Chapter [V discusses the ftile creation
datiils. There are two primary advantages of this method of file
crestion., First, if an error 1is found {n the file created, the
cnrrespnanding error may be corrected in the command ti{le and the file
recreated very quickly and without the possibility of ngeneratiny new
arrors by ditfterent mistakes iIn typing. Second, {f the file is altered
or ‘estroyed, it may quickly he regjenarated in its oriqginal condition.

Note on CIOMI uyse, On the PRIME computer, the cananwility exists to
create COMI ftiles directly from COMO (ZOAMAND Output) files, Becarse
of tha Jreat tine savings possihle oy doiny this, a description nf the
nroce {ure follaws,

The PRIYFE has the canahility to create a tile which exactly
duplicates all of tha informatinn that appears on the user terminal --
including all orogram prompts and ‘'1ser responses. Stuuch A tile {5
called a COMN  file (COMMYAND Ontpat) and is estavlisherd Hy the systen
leval cnmman-is cCrvy tilename. After an {nteractive session with
SCRE=H, the )40 tile 1is closed by the system level command ZCOH)
-ENDZ .,

The COHMO  tile thus produced incliudies both system and user
resnhonses. Th2 PRIME system editor can he used to strip off all system
resnoonsas, leaving a file containinjg only user responses to the systenm
promsyts. The following commani file accomplishes thiss

* THIS FILE STRIPS A CoMO FILE FROM SCREEN TO PRODUCE A COMI FILE,
+ IT IS A5SUMED THAT ALL USER INPUT Is PRRECREENED BY A PROMPT WHICH
* ENDS IN 237, THE COMO FILE IS NAMED /TEST.”

SN TEST
C//7./50NN00
T

N$G NDIEIF 3%
T

F i/ 7/3%
FIL TSST.COMI
co TTY

This method ot producing a COMI tile 1is of c¢onsiderable value,
particilarly if repetitive and detailed user responses are involved.
The use of the SCREEN program {n Aan {nteractive mode prompts the tser
tn 7ive the oproper sequence of responses. Srthsequent production of a3
COoAl tile preserves the session for future use,




Ortion OUTPU

This optien allows the subsequent ontput to be directed to either
the consnle or to a disk file named by the user. Prompts and messages
will always appear at the terminal. For instance, this sequences

SELECT YODE (HELP GIVES LIST): QUIPUT
ENTER FILENAME FOR OUTPUT (C for console): (

will carse subsequent output to appear at the terminal, It the OUTPUT
option is exercise:d later in the session in this manner:

SELECT 40DE (HELP SIVES LIST)s QUTPUT
FHTER FILENAME FOR QUIPRJT (C for console)s JUTPJYT
APPEND TO PRESENT FILE (Y OR N)t Y

stihsequaent outnut will be written to the file named Z0OUTPUTZ in the
usar directory. Chanjes c¢cAan e made back and forth between the
terminal and any specified output file hy selection of this option.




Qption [ONE

This nptinn exits the orojram. It is selected at the end of the
run,

SELECT 40DR (HELLP GIVES LIST): 0NE

Jsa2 of ontinn NON closes all active files and terminates exectition ot
the urojran.




Option INIT

The option INIT is automatically execited at the beginning of thea
pro;ram withnut user specification. [t may also »e specified later in
th2 projran to restart a problem or set up Another problem,

The folloving examnle shows the use onf option INIT to 1lonal
existingy filest

SEIL=CT MoD= (HELP GIVES LIST)s INIT
ENT=ZR ACOUSTIC DATA FILE No, (1-99): |
ENT“r SENSOR FILE HUMBRER (1-99): |
ENTER TARGST FILE Nao. (1= 99): |

ENTER TARGET FILE NO. (1- 99): 2

ENTER TARGET FILE No. (1- 99)3: )

[t the files specified Above had not existed, the INIT option wouli
nrovide prompts to enahle the 1ser to create the specified files.
Chapter [V describes creation of input files. '"ultiple target files
nay »e loaded, so the optinn INIT is exited by specifying a target file
nunser ot N. FEnterinjg 23 zero for Aacoustic or sensor tile number will
cartsne the program to hypass loading that type of file,

;b




Qption ToTuP

Intion TSTEP is wsed to increise or rlecrease the current time
stesr. This time step {s the ciurrent tima sten of the sensor tile SENS,
Lf nne has heen lnaded, or the wininum time step among the target files
if a sensoar file has been lnajed, For newly created files, the time
stes 1s z2ern ani THTED is tyvically used to increase it.

Thr option TSTEP is exercised in the followinjy examplat
SELECT ANNE (HELP GIVES LISTYs ISTER
FATS0 HEW PROGRAA TIUE STEPs 12
do srinted outit is nroduced »y this ontinn,
Tha THTEP option will work with any combination of PRIP, SENS, or

TA files 1naded or omitted, It alters the {nput fata files in the
followinj; mannars

(i) The 220P fttle is unchanyed hy aption TSTER.

(2) =ach SENJ tile has assnciatad «ith it a ciurrent time
stan which becomes the program time step when the sensor
fila is  loaded. T[he ontion TSTEP will alter the sensor E
tile fepenitin, on the size of th2 program tine step {1
coapired tn the time step spoecifie s .

(a) It the tine stan specified in [STEP is lass_than_or
2qual to the orojgram tine: stan, the sensor file
time step is set tn the new time Ani all sensor i
infarmatinn for times after the new time is deleted f
trom tha sensor file, This Aallows the user tn ;
"hack-up”" the sensor file and then reidefine it in
subsegquent calls to USEN and [STED,

(h) If the new tine sten is jreater _than the orajram
time step, the sensar file will be extenie] tn the
new time step tsing the sensor parameters lrclAarad
tor the current tine sten,

(3) =ach tarzebt file has associated witnh {t a time sten
“hich may differ fron the prooran time sten., The ontinn
TSTEP will affect the tarjet tile in one ot twno wayst

(1) If the new time step is less3_thin or eqial__tg the
current target  file fime step., then the
corresnonding target file is ynchanged. This s
tifferent from the ettect an sensar tiles., [t is
not pnssible tn "harck-n" a3 target file,
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(b) If the new time step is 3reater__than the current
taryet file time step, the sroaram will ardvance the
target file to the new time step usinj the target
parameters rleclared for the current tarqget file
time step. [t will then reset the target f{le time
step to the new time step,

The optinn TSTEP is repetitively used in creating sensar or target
files. 5See Chapter V for an extended examnle of this.
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Jption POSIT

This aptinn allows the user to incornorate a oilace of positive
information into the tarjget location pronaonility distribution,

This optinn adids tha nositive informatinn to an information matrix
p ¢

which is later Inverted tn obtain the target covariance matrix, A
oreviously input piece of positive informatinn can he removed by this
optinn it the user specifies datection deletion, [In this case, the

innits vill he siuwtracted from the information matriv. This has the
effict of nullifyins the pravionsly processed detection. [n all cases,
the 1s2r can  hHypass orocessing hy refusint to varify the SPA
nariieters,

The folloving cormand sequence catses the oprojran to nrocess 2
contacts

SETSCT AODS (HELP GIVES LIST): 20310

INPJT TARGST FILE Mo.: |

[NDJT SPA [IME STEP: o

ENTEw SPA COORDUIATE S (£.¢) (nm): 0,0

ENTER TARGET SPA DARAMETERS:

2-S15 S=HAJ, S=MIN ACIS, YAJ AXIS 3106:15,5,0
TAGT DETECTION (Y 13 e Y

DO YOU VERIEY SPA PARAMETERS (Y 02 D Y

In the next command seqgience, the tser decides tn dalete the contant
nroc2ssed above, but changes his mind At the last ninute:

SELECT MOOE (HELP S1VSS LIST)t 20317
INPJT TARGET FILS *1).:
INPJT SPA TIME STEP: 3
CUTER SPA COORDINATES (X,Y) (nm): Q.0

SNTIR TARGET SPA PAAMET IS

2=S15 S-MAJ, S=Ald AXES (NM), YAJ AXI3 3R3(DEG)15,5,.0
TARGET DETECTION (Y OR )t Y

NELETE DETECTION (Y 9 N)s Y

DO YOU YERIFY SPA PARAMETERS (Y 99 H)s N

DETECTINN NOT PROCESSED

{fera the tarjet file number mist be amang those loaded and the input
SPA time stap st he nn areater than the target file curreant tinme,

An input of Y to the TARGHT DHETECTION promnt  will  cause  the
arojgram tn add the datection tn the informatinn matrix. An {nput of ¢
tn the DOFLETT DETECTINN will cause the rogran to  sihtract  the
fetactinn trom the information matriv.
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Qption BEAR

This optinn Aallows the user to incorporate A piece of positive

information into the tarjet location probability distribution. Its
operitinon and use is similar to POSIT.

Hy exercising this option, the user can input a hearing line
contact or constrain the target to satisfy a hearing line constraint at
a 3iven timestep. The combination with the target prior is done in a
> dayesian fashion utilizing the Kalman filter routines, as is the case

with POSIT, [t is not currently possible to ‘Jelete bearing inputs
g after they have been processed,

The following command sequence resiilts when this ontinn is calleds

SELECT MoODE (HELP GIVES LIST): 8EAR

INPUT TARGET FILE NO.: 3

INPUT BEARING TIMFE STEP: 10

ENTE: SENSOR COORDINATES (X,Y) (nm)s 10,175
ENTER TARGET BEARING PARAMETRRS:e

JEARING (DEf. FROA N), STD. DRV (DEG.)YS D,10
DO YDJ VERIFY BEARING PARAMETERS (Y OR )¢ Y

4
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This optinn Aallows the user to constrain the tarqget distribution
to 2qual the jiven marginal at the stated time, The Jistribution at
otnar times is adjusted to agr=e with the Jdiffusion arocess tonether
with other pnositive infornatinn that may have been entered previously.
That is, if several marginal constraints nr Yeirings have heen entered,
nnly the last one entered will necessarily e satisfied exactly,

[t is currantly nnt passihle tn delate a marginal constraint after
it 18 93en nrocessed,

The following sequence of cnmmands will inplement this ontinn:

SELEST MODE (HELY GIVES LIST): MARGE

INPUT TARGET FILE Wo,s ]

INPUT CONSTRAINT TIME STEP: (0

ENTER? CONSTRAINT COORDINATES (X,7) (nm)t 10,175
ENTER TARGET CONSTRAINT PARAMETERSS

2=515 S="AJy S=MIN AXI3 (nm), 4AJ AXIS BRG (deg)t 12,3,1).8,7

M YU VERIFY COISTR. PARAMETERS (Y OR N)s Y

7 —matny
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Qption LLOOQ

The LLOSS option allows the user to list the nropagation loss and
associated active reverheration curves. Since there may be up to In%
propagation loss curves in a single environmental/sensor contour file,
the user 1is asked to select which ones to nrint among those availabhle,
A zero input as a propajation loss curve number causes retirn to the
main projgram. A typical cnmmand sequence ist

SELEZT MODE (HELP GIVES LIST)s LLOSS
ENTER PROP LOSS CURVE NO. (1- 2)t |
ENTER PROP LOSS CURVE NO. (1= 2)% 0

This option requires that the environmental/sensor contour file he
loadedis the sensor and target files Aare ontional,

Examples of the onutput are given in Chapter V.
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Qption LCON

The optinn LCON allows the user tn 1list the sensor contours.
Since up to 20% aspect contours may be contained {in a single
environmental/sensor contour file, the projram asks the user to specify

which contotrs to list. An entry of zero causes an exit from this
nption. A typical command sequence ist

SELECT +40DE (HELP GIVES LIST)s LCON
ENTER ASPHCT CONTOUR NOO (1= B)s )
ENTZIR ASPECT CONTOUR WO. (1= Bt 3
Kok Ak Ak Ak ok dek kok kb ko kb ko

This option rejuires that the environnental/sensor contoiur file be
lnadads  the sensor and tarjget files are ontional.

Sea Chaptar V for exannles of the tisa of this option,

PRSI



Qption LPIM

The option LPIM allows the user to list the PIM and HVU parameters
At the specified time steps. The command sequence ist

SEIECT MODE (HELP GIVES LIST)s LPIM
ENTER START,STOP STEPS (0 = 12) [.4
e e S 7 e e e ok S ek ke Ak e ke ke ok

This optinn requires that the sensor file be loadedi the
environmental/sensor contour and target files Are optional,

A sample of the output from this nptinn is in Chaoter V.

|
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Qption LSEN

Tha nption LSEN allows the user to list the sensor parameters
a range of tiae steps within those of the problem, This option

rajinires that the sensor file »e loaded’ 1onading the PROP Aand

til:s is optinnal, It no PROP file has bean loaded, the labels for the
aspact contour ant nropagation loss curve will appear as hlanksi

PROP tilae has bHren loadad, the index labels will appear.

A typical command sequance for LSFN is as follaowst

SELECT 40DE (HELP GIVES LIST)s LSEN
ENTER START,STOP STEPS (0 = 12) 11,12

Samplas of an output file nroduced by LSEN are shown in Chapter V,




Qption LIAR

The LTAR option allows the user to 1list the target parameters
within the range of time steps tor which it has been defined. This
option requires that at least one target file be 1loaleds loading A
PROP file and 3 sensor file are optional. However, if a sensnr file is
not loaded, then the mean relative pnosition and velocity will be
calc.alated ralative to a PIM at N,0 with 0O velocity. That 1is, the
relative and absolute position and velocity of the target will he the

same. The projram will provide the taible for all target files which
have baen loaded,

A typical command sequence iss

SELECT MODE (HELP GIVES LIST): LTAR

ENTER START,STOP STEPS (N - 12) 4,6
L S T 2 2 2 T B O e

A sanple output file produced by the LTAR option is jiven in Chapter V.




Jptinn_ JLOSS

The ULOSS optinn Aallnvs the user to change or add to existin;
nrooyyrtion loss  and reverheration curves. The option branches to the
san: suoprogran used by [HIT to create such curves, A typical commani

seyianca is:

SELRECT 4097 (HELP SIVES LIST)s JLoss
ENTER PRrROP L35 CURVE N, (1= 10)s 2
ENTE2 THEE PRIP LOSS CURVE LA3EL: CURVE#2
AYBIENT NOTS T (bt 5N

ETED RANGE (nm) , PRV 1.OSS (db) PAIRS
(RNTRR PROP 1.0%s =290 T DRELETR RAMNGFE ENTRY)
(ENTVYR ZENDZ TO BT

PATA POTNTE 0,185

DATA POTHT: 145,200

DATA POIMTT Z4D

RFHTE 2 ACT. SOURCE LEBVETL AND NEIT {0 FOR JQEVERICID) (N= EXIT)
LS Cin) AN DIFELTRD: 135,10

ENTL REVERY CURVE LABELs CURVE#12

ENTE? RANSGE (nm) , REVERI (dh) PQALRS
ENTE ¢ QB VER =210 T DOELETE 4AYTSE SNTRY
FATER 264072 T 200 OHJT

PATA POINT: 1,9

DATA POINTS 2,2

DATA 2o liTs Q,N

NATA POINTs EHD

ENT:R PrOP LOSS CURVE No. (1= 10): 0

The n1eaninjys of these inptits Aare disciussed in  Chapter [V iunder *
nroriyition loss input,

This ontinn reqiires only that a PrROP file number be spacified.
[t is 1mmn=2cessary tn specify a sensnr file numhar or 3 tarqget file
amoere There is oo arinted nutnnt  arodiyced by this  ontinn, This
ontirn may alsn he ysed to correct or oxnani the envirosnmantal portion
2f an PP tile which was nrevioinsly declared in INIT,

[f the number of a previously estav)ished propajatinn lnss curve
{s snecifiaed, the former curvae is lnst and replaced by the new curve,




Qption UJCOU

The UZON ontion allows the '1ser to chanje or aidd to existing
sensHyr contours., The obntinon Yranches to the same sithnorayram used hy
INIT to create such contours, A typical command segiience iste

SELECT 4007 (HELP GIVES [LIST): JCoN

ENTER ASPECT COUTOUR W0, (1=27)2 )

ENTER THE A3SYEAT CONTOUR LLAREL: CONTOJR#1L

ENTZR DIRECTIVITY INMEX (db) & 2

ENTER BEARING (den), [FLTA SELF=NOISE(dD), Bi(+=34b) TRIPLES
(ENT:R “ENDZ Tn pPOP OUT)

(ENTER ELTA SELE=-M9ISE = =190 T DRLETYE BNTRY

DATA POINTE 1,5,348

DATA POINTS 20,5,48

NDATA POINTt 340,5,43

PATA POINT:® END

ENTER REFERRENCE StA%NIDT 4 (+=3 4h DOWN) 1A

ENTERQ SEWSIG.B3RGRELAX TIHE (min)t=10,15,30

ENTER SEWSIG.3RGRELAX.TIME (nin)20,4,15

ENTER St SIG.BRGRELAXLTIYME (min)e]5,3,15

ENTER SESIG.BRGNRLAX.TIME (in)tEND

ENTHR SE, SIG.RANGE (yds), RELAXTI4RE (nind3=10,4Nn,30
ENTZR SE, SIG.RANGE (yds), RELAX.TIYE (nin):0, 10,15
ENTZR SE, SIG.RANGE (vyds), RELAX,TIME (min):15,7,15
ENTER SE, SIG.RANGE (yds), RELAX.TIME (min)sEND
ENTER ASPECT CONTOUR HO. (1=271 0

The meaningys of the various inouts are  Adescribed in  cChapter [V
nnier aspect contour inputs. This ontinn may be used to innut aspect
contours when constructing PROP files. This option pravidaes no  autoat
to the nuser, The resiults of the channes miy he eximinaed 1g5ing the [PTH
ontin.

This option may he 'ised to add or delete contours in an  existing
tile. [t & contonur with the same number 1{id not previoiusly axist, the
nne 2ntered here ig added to the file. If a contour with that nimher
previoisly existed, then the old contoir is deleted ani replaced with
the contour enterad,

—




Jation Ul

e 1214 aption Allnws the 'jgar to  cnange  vAarinis  DPTYM oand 4V )
aarvaetars, A tynical coammand saqiyence st

SEUZCT 4008 (MELP S[vES 1 18Tyt Juld

EATER KT C 4 BTYES LIS )

N=00 0T 1= )0 ATE DR JO0RND 2= D OATE PIM SPERD
HEADT 4 I=CHANSGE ) LABEL 4= ]pP0ATRE My 7n0Rn

LU DAL VT UOTSE S0 IRCE TUREYZLEVEL

A= IANGE STAGT/ZOELTA [T

Th=2 iser {5 nresanted with a et St ontinns far o ifating DI, [t the
1sar wishes to anidite taye D[4 conriinates, he ool i 4o an live thig:e

BNTS) Vg (O BIEsS LIS |
INPIT D14 2009 (£.¢) (nm) 8 040

[he aew P14 ronrdinares (in am) will 2annly tn the curront tinme gtan,

The PIM cooridinates are 1ise | tnr cantarin; ottnuat mians far »sptinns
DMGIED, AAD, At AP, DI4 conridiinates and velocity are alsn  1sed tAn
calcilate the mMean relative nasition and relative valncity nf 3 tar et
in L.7AR. It is occasinnally usetul to mova PIH arongnt in  arder tn
locte oarticilar sortinns of mans within the tisplay YHoun is,

It the t1sar wishasg to nniate the P[4 gsn2ai and headiny, he ~ijht
innit tha followin ;s

ENT=2 KrY 7 GIVES LISTY: 2
TNPIT PIY SpP==n (nm), HEADINS (dey)s 10,0

[he 2[* saead is in kts and the PIY headin; in deqrees clnchwise fron
aortan. These {npnts will renlace the currant values and are nsei to
detarmine {VJ nmotinn if the TST=P is onorformed on  the 55N5 file
s'osquently,

The tser a3y chanae tha lahel »f an WYY in the tollavin: seytences

EATIER Y /7 GIVES LISTYs 3
ENTRR HVY NO, (D=pP02 OUT)s |
ENTSR HVY LAS3KLOSS=DELET <)t 1jvd«]
ENT= HVY Ha. (O=P0P DUTHYs 0




All ot the HVUs mAay be relaneled in this way in one specification
of ey 3, Enterin; an YVJ] nunher of 2 causas the projram to retirn ton
key snacification after asking for the PIM conordinates, An  antry of
2887 removes that HYY  from fuarther consideration nut ines not Jelete
the HV.J parameters, An V] that was preavinusly declared 723887 can  he
reestaulished! ny iving it a nane,

Since the {VU nd saensor lanels are stored only once in the  SEN
file. rathar tan thor oi3ch tine stan, the mnst recent daclaration o
tha laels 15 'tsed tor 21l time stens. Thits {1n narticnlar, the 1ise o
falation nof the 72552 lanel rennves ar inssrts the correspomdinng sensnr
nr Wi tor all time ste .5,

3
f
r

The PIYM rcoordinates innat will armnly to the ciurrent time sten,
ey 1 can ne rsed in rconijunction with Yeys 4 and 5 to define nrevinusly
niatinat HVis,

Keys 4 Allnws the janr ta gnecify /) nnsitinns

FAaTR VoY 7 STves T 16T 2
ENTeve Ho g ND L, (=02, Y=00000 (amd s 10,10
T Sy 0, (=000 D, A =000D () s 0

This news "v.J msition will resnlare the oyrrent nnsitinn for any
aravinsly detiqedl Vil A sern {e ysed tn pop ot ot wey 4,

Kay 5 allaws the 11sar tn detfine an infex 3 souyrce lavel of tha
nafass the VY radiatess

ENTEG KTY (7 GIvES 119Dt &
EOTS U1 e, S IRSE TR, LEJEL (dn)s L, 1145
ENTS Vil NOL, 300R0E TUEX, LEVEL (do)s 0

This will vrenlace any value alreafy [anut tor the infexed 47 nr will
jefiie 3 new vialue 1f nn value has arevioiusly neen -lefinead, The channn
anly attents tae niise dascrintion of the (V] at the ciarrent time sten,

Koy A Allows the nsar tn snecify the start date time 3roan and the
lanth At 3 tia2 <ten {f the ciyrrent time step aAf the sensor tile is
7Zorag

FruTen 2=y 0 SIYRES 198 &
ENT- R START 005 (D, 41,001 20,100,000
EUTE0 OELTA T (Ars)t 29

[f tho tser attemnts tno entar this Vbay when tha time gten is




lary:r than
1RS§S 1l

zero (in  this c¢1i3se 12),

ENTRR

he will receive the followin;

KEY ¢ /7 GIVES LIST): 4

START A 1D PDELTA TIMES MAY BE CHANGED ONLY AT TSTEP N.

ToTeb

THE CURENT TIMS STER I35 12,

MAY RE SEN TO RFTURN TO TI4E STEP 0,




Qption USEN

The notinmn USENMN is used to modify parametaers in the saensnr file at
the currant time step and to add, Jdelete, or reorder sansnrs when tha
currant tine step of the sensor file is zern, 3Same users nrefer the
nption HUsEY te constriict sensor files instaad of doina it unier ontion
INIT. “nly the sensor file need be loaded tn 2xaercise option JSEN,

Certain capabilities are provided in USEN that are nnt availahle
in [4IT, such Aas: nrovi {fingy distinct namz2s  for {ifferant sensors
withvin 3 aronp or for copies of Aroins (Yey 2)3 reordering the sensnars
{key 13), etc. Otftten the nser will want tn 1se LS o list the
currant values as they annear in the sansoar fil2 nrinr tn making
chanjes in JSEN., The changes can be verified by a3ain listin~ the fil-
contants with LsEN.

Whan the '1sey spacifias the option JSEN, he will ne askad tn enter

1 kay snecifying how he wishes to modify the sensor ftile:

SELECT 40pDR (HELP GIVES LLIST): UYSEN
ENTER KEY (]l4 GIVES LISTIt 14

N = POpP nOUT
T = ADD) HEN SENSHRS
2 = CHANGE SEN LAREL
3 = UPDATE Sk TYPE
4 = UPNATE SEN CONrD
5 = UPDATFE SEN 3PFEEN/ZHEADING
6 = UPNDATE 20 AMD ILN=8NQ [LEVELS
[ = UPDATE PROPLOSS/ZASPECT/ZHVI NOTSE ITNNDEX
3 = UPDATE LAM3IPA/STOMA
9 = UPDATE SOAN RATE, INTEGRATION TIME, DR AVAILABRILITY
10 = CHAMGE CONFISURATION
11 = CHANGF GROUPINS ANY) GROUP CORRELATION
12 = CHAMNGE SENS02 RADIATED NOISE EVELS
13 = REIORNDER THE SEHSORS
Ontions | and 13 can he invoked only Aat time step zero. Option 2
chanjaes the 1lahel for Aall timestaps. The 1iser st specify the
timestens ranges tor options 3,4,7,8,2,11,and 12, All other ontions

chiyie the parameter indicated At the cuarrent time sten of the sensor
tile. Fnterinj; a sensor number that the program does not recoanize
cAansas an exit from options 2 throijh 12,

ey 1 allnws the nser to ad1 ar deleta sensors at timae step zero,
Its 'i1se is =2nalojnus to the constriction of sensor files 1nder ontion
[NIT degcritved in Chanter [V, However, rather than requiriny the iser
tn ant2r 2ll informatinon, a list of keys 1is provided, A typical
cnmayyd sejuence st




ENTE R KizY (V4 GIVES LISTY: }

DI, KEY N TO 4t 0=S 0T  1=NA4T  TIME
2=pL4 3=V 4=SEN
FNTH2 KEY: o
ENTER SEUSOD FILE NAME$SSHSOR EILE #1
ENTER START TG (ON U4, 40t 10,10,00
ENTI0 OELTA T (hrs) 1,25
PICC KE( N T Ar I=FYIT  1=dA4E TIM4E
Y=p [ 3=y 4=
FHT< 0 KEYE 2
ENTER DIITIAL PTY 00030 (£,Y) (am): 0,0
SNTH g [NITIAL PI4 SPEED (kts) JHEADING (deg): 10,0

DI KEY NTO 4 N=SYIT I=HHAUR TIME

J=pl 4 R=HVY S 4=5EE
ENTE KEY: 3
ENTER THE HV) Ho, (1- 5): |
CNTE THE vy LA KL (FHTER 3 To DELFTE) s Hyu#l
FNTE Hyy INITIAL COnRDINATES (am)t 0,0
FUHTH 2 WL SOURCE THEX ALY LEVEL () (D=pP0P JT) 8
ENT0 /) 5050 TN Adn LeEVEL (A9 (N=P0OP 0UT)
ENT I THE SV W), (1= 51 9

DI KEY 0 TO 41 N=FYIT 1=4A4F  TIME

D=DJxM 3=y A=3r
ETIV KEY: 4
MY YO GANT £0 OSFE T MORE SENSORS (Y DX N): Y
CNMTIEY GEHS0R LA3EL: (58=051ETE): SENSOR#2
T TYRE OF 5TUSO0Q (P, A, L, O): P
SNTI¢ [UHITIAL COOLPTIATES ((,Y) (nm)t 15,15
FUTS2 SREED (Yts) AND HEANING (feg)t 10,0
ENTEL WOTSE 00 AP AT AL SELF=4OTISE 1LEVEL (4n):
YT SEN S0URCT INDEX AND LEVEL (dp) (0=P0P OUT) ¢
FUTTR S S0 JRCE THDEX AD LEVEL (do) (N=POP 0OUT) :
EMTIQ PL NO., ASDECT 49, iGT NOISE MOt 11,
CYTE LAYITA AND ST5A: 1,0
FENTS 2 SOAT TUEE ATTD TITESRATION TINS (mindd, 1.5
ST DROBARILITY SENSOR IS AVATLABLF(RANGE N=1)1
WORE SEHSORS [N SURGR0NUD M GR0UD (Y 08 s N
AUNTHTS COPY OF SURGR0UD T GROP (Y 0R e ]
HAKE  AMOTHER COPY OF THIS GROUP (Y OR N)Ye 4
N (1) vANT TO DEFINE MOQE SENSHRS (Y 0l ‘D Y

PIC. KE(L N T 4 N=EXIT =P AME T ME
RE AN I=4VU 4=500
ENT- ¢ 5Y: 0

[YIT and key haoth niraber sensars in the or fer tha

!
tn the tile, lhis orderin: ¢an e chaniad by nsin: key
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Key 2 Allows one to chanvye the sensor 1label. [t there 1is n»n
sensor Wwith the indexed sensor number, the projgram will pon out ot this
mod3s

ENTER KZY (14 GIVES LIST)s 2

ENTER SENSOR WNO.,SENSOR LABEL: 2,8U0Y#2
ENTER SENSOR NO.,SENSOR LABEL: 3, 3U0Y#3
ENTER SENSOR W0.,SENSOR [LAREL: 0

Key 3 allnows nna tn change the tyne of the sensnor As fnllnwss

P nassive

A active

LA line Aarray
0 ott.

Eitner /L’ or ‘LA’ is acceptahble for line arrays.

The 1ifference netween P Anid LA is that the evalitation of In LA sensor
also consifers interferin; nnise on the nirror neams, I[f there is nn
sensnr with the specifiad index, the proiram will nop out of this mnde:

ENTE® KEY (14 GIVES LIST): 3

ENTER START,S5TOP STEPS (D) = 1) 2,1

ENTER SENSOR NO., SEH30R TYPE (P,A,LA OR 0): 2,P
ENTER SENSOR NO., SENSOR TYPE (P,A,LA OR O)t D

Becayse this changas the sensor tyne only 3t the time stens specified
by the udser, this nportion of the USEY ontion can ne tsed to tiurn
sensars off and on. This is one way to sinulate perioids when a 7given
sensnr is nnt functioningy, as in the sprint phase nf the sprint ani
drift search tactic, or in the trucking nhase of a helicopter dinpinj
sonar.,

Lay 4 allows one tn nmodify the sensor coordinates. If there is no
sensor with the spacifird index, the program will nop nut of this mnde:

ENTER KEY (14 GIVES LIST): 4
ENTE® SENSOR WO, ,SENSOR COORD. (X.Y) (nm)t 1,0,5
ENTER SEASOR N0, SEJSOR COORD. (X,Y) (nm)t )

[he aew sensor coor-dinates annly tn the indexed sensnr only at the time
sten the sensor file deftines Aas current. Note that nn assumptinon of
continunus mntion is made, A sensor may iump from one place to annther
gni:r this  option, 5ince  the number 9t sensors remains constant

- 4]-




p throughniat the pronlem, this ontinon may ne r1nsed to renlace sensors,
For instince, when the useful life of a sonnbuoy field is over, the
fi2ll can e mrved to A new lncatinn hiunidrads nf miles away bhy using
this ontion (harhaps after beingy turned “offt’ with key 3 Aduring the
renslicemant tine)., See Thanter V for an examole of this.

Key 5 allavws one to channe the spe2et and headiny of a sensor, 1f
thar: is 10 sensor with the snecitied inifev, the nrojyram will pon ot
of rtais noies

ENT:R KHEE (14 GIVES LIS 5
BT SENSOR N0, 3PSEY (kts), A HEADIIS (feqg)t 1,00
FATER SEASHN N0L G 3PTED (kts), AYD HEADING (1ey)1 0

[ha 1aw snaed and heading (in deqraees clncvwise from north) anply only
at the tine step that the sensor file lefines as currant. This option
is 1sed when sansors Aare to chanite sneed or direction of travel, for
2xle, A ziving sengor Hlattorm,

“ns 6 allnas one  to chiange the reconnitinn fifferantial an-
nomiail self-nnise  fnr an indnxed sensar. If thare is nn sensar with
tha snacitiad iviev, the progran will poo ot of this modet

ENTER KRY (14 GIVES LISTY: &
FHNTS START GSTHOP 5TE2s (0D - 1) N0

!
FHTER STHS0R HOW o210y AMTY NOMT AL 3EI_.F—H")I‘SF 1EVEL: |
ENTHER SENSOR NOL 20y AND NOUTNAL SELE=-NOISE 1.EVEL: 0

15,30

[ha sonar naranaeters anpnly at tha time stens the user desiqgnates, This
antisr may bhe sed to introduce periodic "noisy perinds" nf the sensor
nlatforn and the resulting chanites in self-noise or an ass'm=21 shift in
arnzessar ande and the resulting change in RD,

day 1 Aallows the nser to change the indices ot the oronajation
1nss curve, the sensnr aspact contour, and the tarqget noisa level which
aaply At the time  stens the user designates. FEnterin: 3 nnnevistent
sansor index will cause the nroran to non anut nt this moiat

BT KEY (14 51YES LIST):

ENTER STA«T, 5TO? 5TEPS (0 = 1)e N0

BT STHSOR 0. PlL. NO. ASPECT N0 TOT NOTSE MO.t L 1,1l
EITER SENSOR NO. PL. N0 ASPECT No,  TGT NOTSE 0.t 0

[his optinn allows the 'iser to chanie the arnpanatiaon lass, the aspact ‘
contrur, and  the noise level index nf the taraget in the cotirse nf the

proslem.  Sor axanole, the nropajgation loss may chanidae when a submarine

joes from shallnw tn feep for {ts gearch,
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Key 8 allows the user to update the valites of lambda and sigma
11sedd to iescribe the (lamhda, sigma) oprocess which models sensor
Jetesctinn. A nonexistent sensor file index cainses the program to exif
this mnde:

ENTER KEY (14 GIVES LIST): 3

FEHTER START,STOP STEPS (N - 1)t 0,1
ENTER SEUSOR NO,, LAMIDA, SIGHAs | ,1,9
ENTER SENSHR W, LAUADA, SIGHAT 9

The val1ies of lamia and sigma will annly to the time stens the user
desi jnates,

Key 9 allnws the user to alter the scan time, intearation tine,
and srovability of Aavailavility for a sensor. Inout of 3 nnonexistent
sensor index will caise the nrogram to exit this mode:

EHTSR KFY (14 GIVES LIST): 9

ENTS. START,.STOP STEPS (N = 1)z 2,1

ENT<R SEN3 NO., SCAN TI4S  INT. TIMF: 1,.1,5
FNTEZ SENSOR PROSBABILITY OF AVATILABILITY: .95
ENTS. SENS No., SCAN TIMS  [HT. TIMF: 0

The new values apply at the time steps the user desijynates, Note that
an availability of zero (’N’) is equivalent in its effact to having the
sensor turned off. Howevar, the bnrojgram is more etfticient if the
sensor is ‘declared to he off,

Key 10 gives A list of the current contiguration valites and allows
the ‘1ser to change these. The confijuration values are nnt used by
projram computation in this version of the program. The maaning of the
confijuration value 1is that {f it m=matches Aat two time stens, the
sensors are assumed to be in the same relative nositinns. A tynical
sequance followss

ENT=R KRY (14 GIVES LISTY: 10

CURRMNT CONFISURATION VALUES

1 1
ENTER TIAR STEP, CONFIG. NN, (N=POPOUTIt 2.2
ENTER TIME STEP., CONFIG. NOJ(N=POPOUT)It O

Beca'tsa the confijyuration valties Aare nn longer tsed in cnmniitations,
the '1ser may dafine them anyway he likes. Since they appear in LSEN
listings, it may be helpful to make thae configuration numbhers match
whenaver the sansor screen is in the same relAative contiypiration,




ey 11 Allnws the riser tn chanje the sensor qromnings and  the
j;rnt, cnrrelations. Kach snecified sensor {s assijned to the grotn
indicated. I1f a numher hetween N and 1l is specified it will bhe the
new :rotp  correlation. [t 3 neyative number is specified for groun
correlatinn, the Jrotin cnrrelatinn will remain "naltered,
boecification of 3 nonexistent sensor canses the nrojram to exit this
mo iz

FATE KLY (1 GIVES LISTye 1t

FATE0 START,, 5T STERS (9 = 1) 0,1

FATH? SEdS N9e. 3ROUP 0.t 1.1

ENTER GROJP CORRELATINON (HEG 1S N OHANGE) s .5
FATER 3548 N0., SROUP "o, 0

[ha rovipinns »f sensnrs  3Ire  snatial, In the mod=1, ohservations
renorte !l by two  sensors  in the same aroup Are tre3stad as nartially
corralated and partiall, indenendent, (S5See the disciussinn in  Chapter
IV.) Sa2nsor mnatian nmay nacessitate reqgrouning of tha sensors at
vari »is time steps. The sensor aroanings annly at the time stens  the
152~ Iesigaltes,

e 12 allnws the user to alter the sonrce levels tor any ot the
isfied sensors. [f the nrojram daaes naot recoqgnize tha indexed sensor,
it vill exit this moiss

SEATER REY (14 GIVeSs LISTYs |2
FATER START,,STOR STRE2S5 (N - 1)s D, 1
EATRY SENSOR N THDEL, SOURCE LRYEL (do) (7 TO EXIT)Is 1,1.165

SUTHER SEIS00 NG GINDEX, SHOURCE LEYEL (db) (0 [0 EXIT): 0

The hewv  amirce  levels will Aannly A the time <stepns the user has
specifial.

2y 13 may e sneciftied nnaly if the current tine sten af the
sensor file {s zero. This ontion Allnws the ser tn reor.fer the
sensars. dnote that it is not necessary tn use every sensnr nriymher
alr:1iy detinei, that an old sansor ninmber may ba ysad saveral times,
ani that the total numher of sansors at the and may he more than at the
start of tais ontinn, This and the other USREN options provide a  jreat
fe3! of flexinhility. At times eme may revamp an existing sensor file
to »atain the screen nacessary to evaluate quaestinns requiring a quier
res,onse, Tha arn:ram will ask for tha new n'mbers one 3t A time:

FNTHER KFY (14 GIVES LIST): |3
NEN SENSHOR MU4RBFER DL SENSOR NUMBERS |

s
NEAN SENSNOR NJY8ER 2 IS ILD SENSOR NUMBERS 2
3 IS OLD BENSHD JUMBEDT 3

NEW SENSIR NJAS:R
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NEW SENSOR NUMBER
NEW SENSOR NUMBER

4 IS OLND SENSOR NUMBERs
5 IS OLD SENSOR NUMBERS
NEW SENSOR NUMBER 6 IS OLD SENSOR NU4ABER:
NEW SENSOR NUMBER 7 IS 0D SENSOR NUMBERS
NTW SENSOR NUMBER 8 IS OLD SENSOR NUMBERS
NSW SENSOR NJMBER 9 IS OLD SENSOR WUMBER:
NEW SENSOR NJMBER 10 IS OLD SENSOR NUMBER:
MZW SENSOR HUMBER 11 IS OLD SENSOR NUMBRRS
NEW SENSOR NJMBER 12 IS OLD SENSNR NUMBER:
NEW SENSOR NUMBER 13 IS OLD 5ENSOR NIJMBERS
NEW SENSO< NUMBER 14 15 OLND SENSOR NUMBERS
MEW SENSORr NUMBER 15 IS OLD SENSOR JIUMBER:
NEW SENSOR NJ4BER 16 IS OLD SEIUSOR 'TIMBERS
NEY GENSOR NJ43ER 1/ IS 0D SEHSOR 'IUMBER:
NEW SENSOR MNUMBER 18 IS NLD SENSOR NUMRBER:
NEW SENSOR NUMBZR 19 IS OLD SENSOR NUMBER?
NEW SENSOR NJMBER 210 IS OLN SENSOR NUMBRER:
MEW SENSOR NJABER 21 IS OLD SENSOR NUMBERS
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[t 2 nonexistent sensor number is snecitie! tor an ol sensor number,
the srogran will repeat the last prompt. The sensor nimher -determines
the order in which the sensors will appear in LSENS listings,

Exit this option with a kay of N1

ENTER KEY (14 GIVES LIST)Y: 0




Qption UTAR

This aptinn allows the user to modify the parameters contained in
the tarjet file. It reguires that at least one target file he lonaded,
ot the dser n2ed not specify an environmental/contour file or a sensor
fil-.

dhen a usaer specifies JUTAR, the following will apnears

SELECT AODS (HELP GIVES LIST): JTAR

ENTSQ TARGET HOJt 2

ENTER KEY (7 GIVES LIST)t 1

EXIT

CHANGE TARGET 1 ASFL

UPIATE VELOCITY CHANGE RATE

UPOATE SPEEN ANT HEADING

UPHATE STANDARY DEVIATION [N TARGET SPHE) AND HEADING
UPDATE ['17EX AN[ LEVEL

wonowoununou

T Wi —0O

First, the user is asked to specify the target nunher he wishes ton
"pdate Ind then he is asked to chonsa from the list how he wishes tn
npiite that target. [f the user should enter a tarqget numher which has
not oeen lnaiedi, a warning is issueli, follnwed by an oaonnortunity t»n
ant:r 3 valid target numhers

ENTER TARGET W0O.s 1
THI'S TARGET FILE IS NOT ACTIVE
ENT:=? TARGET Ho,3 2

gey N exits changes to the current target file and permits the
snecification of the next tarjet file to be moditied. After making all
chanjas tn all tarqget files, one tses key N to exit to the next tarjet
til2 sunsection and again rises key =N to exit to the main option
tahla,

Key 1 allaws the user to chanje the tarqget lahel!

ENTER KEY (6 SIVES LIST)e |
ENTER TARGET LABRL: TARGET#2

Key 2 2llnvs the nser to chanje the averaje tarjet time on leqgt

ET=2 KEY (A GIVES LIST)e 2
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ENTER NEW TARGET TI4E ON LEG (hrs)s 4

If the program time step does not equal the target file time step, this
key cannot he nsed, The following message will be printed in this
casait

ENTER KEY (6 GIVES LIST)t 2
UPDATE CANNOT BE NNHONE FOR TARSGET | 3ECAUSE PROGRAM TIYE OSTFS
MOES NOT EQUAL TARGET TIkE STEP 2

Key 3 Allows the user to chanie the taraet spred and heading ani
3150 the standard Jeviation in the tarnet speed ani headiny:

ENTER KEY (6 GIVES LIST): 3
ENTER NEW TARGET SPERED (kts) HEADING (deq)t 10,1130
ENTRH NEW STD. DRV. IN TARGET SPRED,HREADING:

i

!
b

[his key can only he entered if the projram step eqAals the tAarget file
time step. If this is not the case, the bnrogrim will print the
followinj messajes

ENT=2 KEY (6 GIVES LIST): 3
JPPATE CANNOT BE DONE Far TARGET 1 BECAUSE BR0OGRAM TI4= STFP ?
NDOES NOT EQUAL TARGET TI¥kE STEP 12

Key 4 allows the user to chanjge the standard deviation in the
tarjz2t speed And headinj; without changinjg the target snheed and heading:

ENTER KEY (6 GIVES LIST): 4
ENTER NEW STD. DEV. IN TARGET SPEEN,HEADING: [ ,5

This key can he entered nnly when the tarjet file time step equals the
projram time step.

Key 5 allows the user to chianje the target noise index Aand levels.
A typical sequence followst

ENTER KEY (6 GIVES LIST)t 5 :
ENTE4 START,STOP STEPS (N - 130,101 ;
ENTER TGT NOISE INPEX AND LEVEL (db)s 1,165 .
ENTER TGT NOISE INDEX ANN LEVEL (db)s 2,160




Gateilinaaaatly Woar i s
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FNTER TGT NOIsR [NDEX ANT LEVEL (dh)s 0

[hese noise levels apnl,; at the interval of time steps specified., Note
that any noise level may ne chan-ad for any interval of time steps un
to ad iaclhwding the current target time step,




Qption PLOEN

The option PDSEN displays acoustic coverage for a specified
sensor. A typical input sequence followst

e e de e e ke e Je e b e de ok b e e e de ke ek ok ke hok

SELECT MODE (MELP GIVES LIST): PDSEN
ENTER START,STOP STEPS (N - 42): 0,10
ENTER SENSOR NO.t |

ENTER TARSET SOURCE LRVEL (4b): 165
ENTER GRIN SPACING (nm): 5

One nap {is produced for each time step in the interval specified., A
map of acoustic coverage is displayerd for the sensor numher (sensor
numlers may be ootained by usiny option LSEN) indicated against a
tar jat radiatin; noise 1t the sotirce level indicated. The 73rid spacinjy
iniicates the vertical and horizontal distance between bpoints on the
nmap when prohahility of detection is evaluated,

The oautprt produced by this option {s {llustrated in Chapter VI,
Figires VI-1 and VI-2. The center indicates the sensnr nosition. The
syninls inficate the prohahility the sensar wotld detect the target if
the tarjet were in that 3rid position according to the following tablet

TASBLE _II1I=6
2YMBOL DEFINITIONS [N PDSEN_AND _PDSTEP
Symbol Probability Range

N.95=-1,NN
N,85-N,95
0,75-1,495
N.65-1.75
N.55-0,45
N.45-N0,55
D.35-N0,45%
N.25-N.35
N.15-N.25
N.05-N,15
blank 0.NN=N N5
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Dotion PDSTEP

The ontion PDSTEP lisplays the acoustic coverase or localization
coverange far ejithar A sensor Jrndo or the entire screen in terms of A
deat-sctinn prohanhility map wind (optinnally) a localizatinn  map. The
detactinn nrobasility map is in effect a3 composite PDSEN man for
sevral seasors. A typical comnmand sequence follows:

SENECT 0ObhE (HELP S5IVvES LIST)t PDSTEP

EATER START,.STD2 53TEPS (D = 91,0

ENTE ¢ GROUP UM 3ER (D=ENTIRE SCREEH): O

FENT= TiE AAP LABRELtENTIRE SCREEN

N YNd NANT TANFORMATION AAPS (Y OR H)ey

ENTR ToT NOTSE INTREX LEVEL (98) (0=UXIT)s 1,165
ENTSER [GT 'HOTSE THDEL [RVEL (93 (N=EXIT): 4,140
ENTY 2 TST NOISE INTEY ILEVELL (03) (0=EXIT): N
ENTER GRID SPACING(nm) e

CHTE ¢ SAYPLE TIAR (minnt2s)t 15

The time step ranje Mist be within the time steps of the sensor tile,
fans ara  oHrodiced for each time step In the rangye, Hare nnly one fime
sten is iniicatad.

Tha 3roun numher for the mans nust he  specitied. Groin  nimbers
ire iven in  the ontion LSEY nutHhit, Hore we are dapictiny coverane
for the antire screen.

A labal may ke innnt which will anpear ahove the mao. Next, the
aro;ran asks  whether you want iaformation maps. These Adepict the
feqr=e tn which the target woiuld ba localized if it were at that grid
noiat,

Hext, the projram asks for tarjet noise indices and levels. ilp to
IN% Hf these miy bhe specified. The jrid snacing is the vertical ani
horizontal distance between grid points, 5 nm in this case., FEach grid
point is indicated by a sinile symunl. Finally, the ‘1ser {inputs the
samyle tima, This is the nariod of time over which the sensors wern
l704<in;. The provability that each sensor Aactually looked in that
direcction is 3 frmection of the sample tirme ani its scan time (found in
L3EN output).

As a seconi example, the option POSTEP is used to print a
arnothility nf detection man for the sensnrs in jroup |1t

SETECT “ODE (HELP 51veS LIST)e PRSTEP
EUTER START.STOP STEPS (0 = M2.N
ENTER GuOUP P O4ER (D=4 TIRE 30RECH) s |
ENTE THE 4AD [ABSLs 3p0JP |

M (U NAUT TIEDRMATION AADS (Y 03¢ H)en
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ENTER TGT NOISE INPEX  LEVEL (98) (0=POPOUT): 1,155
ENTER TGT NOISE INDEX  LEVEL ()8) (0=p0POUT)® Q

ENTER GRID SPACING: §
ENTER SAMPLE TIME (MINUTES): |5

o localization map is asked tor in this case,

[n the prohabilily caverange outnut, the symhols correspond tn the
ones shnown 1n Table [II-6, In the localization coveraje output, the
synhbols correspnnd to half the radins of an equivalent circular SPA (A
SPA is A& 2-sijma  estimate of target ponsition). wh2rever there is a
sensor that is turned on, there appears on the map a label that
indicates the sensor typet P, A, or L. If several sensors are locate:
Clos2 tno the same jrid point, the type of the last one in the LSSMN list
will be printei.

The PISTEP option is usefiil to examine coverane far groups or the
entire screen under alternative assimptions about taraet noise.
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Qatian Z0P
This optisn  computes the cumuylative detectionn probhahility

nerftormance by A sensor jroup or the entire screen Ajainst a selected
set of tariets. This ontion regiires a PROP file, a sansor file, and
At lzast nae tarjget file, A tynical conmand sequence follows:

STLECT M0NE (HELP GIVRES LISTY: gIP
ENT=r START, STHP STERS(L - 3): 2.3
ENT= ¢ GROUP NJHBSy (D=FNTIRE SCrESH): 0
EHTER STEPS OF FLOW (>=N): O

ENT=2 TARGET FILE No,

ENTR TARGET FILRE No,
TNTHER TARSET FILE N9
ENTY2 HOL OF POINTS #PER FLOY (1,9,2% 0k 49): |

(D= e

[he 20 will ne computed for every time sten in the range specified,
inte that the current time of the prohlem mist he at l2ast time step |,
As 1. PNSTEP, the orojram will compute CDP either for 3 sensnor agroup or
the :ntire scr2en as the nsar spacifies.,

{ext, the '1ser mist snecify tha niumber nt  steps of flow, This
Mmeqn; for each tarqget additional delayed conies may he ran starting at
the sa12 (nitial relative position, »iuut each one tine sten later, For

instanc=, if steps »f flow Is set tn 2, one tarjet cony is started at
tii» sten zero, one tarjet copy is started at time step 1, and one
tari:t copy is startel at time step 2., The input of zern steps of
tar ;ot flov imdylies nnly one copy of the farjet, The flow oDprovision
Allavs ane  tn offset the rincertainty in taraet nosition and is
varticialarly vialuansle if sensors are  tiurned on an! off during  the
crmilative time neriod, It corresnnnids to averagina over the Arrival
tits of the tar ;et,

Th=2 MP calculations Aare paerformed for each tarjet specified. Any
tar ;2t loaifed nay ne specified.

Finally, the iser is asked to gsnecify the number of points per
flov. =ach target has a prooability fistrioutinon associated with it
whizn is mndel=21 As A hivariate normal pronanility  distribution, Tha
pivariate normal  oHrobavility Aistribution 1s divided intn a3 grid
strictiire sn that there are as many cells as the number of noints per
flov the ser specifiers, and each «cell has aqual orohahility of
containing the tarjet. HNext, the mean positinn within each cell 1is
1ssi1ef to he the startiny point for A tarjet and 7P is calculated
r3ainst each noint.  The )7 for the taraget or flow is the averaje over
ajch of  tnase, The first point is Aalways the centar of the
distrination, In  the ahove example, that is the only noint, 5Sea
Chaster VI ftor othar axamples,
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Qption CDPL

This option computes the cumulative detection And localization
performance by a sensor jroup or the entire screen ajainst a selecte
set of targets. An environmental/sensor contour tile, A sensor ftile,
and 1t least one target file must be loaded to exercise this nption.

A typical command seqtuence is 3s follows:

SELECT MODR (HELP GIVES LIST): CDPL

ENTER START, STOP STRPS(I - 3): 2.3

ENTRER GROUP NUMBER (N=FNTIRFE SCREENY T D

ENTE? STEPS OF FLOW (>=N): 1

ENT=R TARGET FIL% No., (1-99): }

ENT=r® TARGET FILE No. (1-99): 2

ENTER TARGET FILE No. (1=99): 1)

ENT=Rr NO, OF POINTS PER FLOW (1,9,25 OR 49): 1

The tirst time step specified mrst be At leAast 1, A CHP header ani
lncalization header will he produced for each time sten in the
specitied ranqge,.

The Aroup nuher entered may he aither the index nt a sensor ronn
or 1.0 If the antire screen is tno be used in CDP calciulations. Th~
numa2r of  steps  of flow, target file numoer, and number ot points ner
flov are as in nption CHP above. Outont from CDPL is shown in  Chapter
VI,




Jption AP

This nption computes the information contained in the CDP  option
ani Aalso disslays the target prior and/or posterinr prohability
Aistribation vhat resiults from the sensor screen search beiny mo-deled.
An environmentil/sansor  contmur file, a3 sensor file, and at least on=
tar =t fila must be loadad to select this option. A typlcal commani
seyienca fnllowss

SELICT 40DE CIELP GIVES LIST)s 4AR
PRINT 22107 DISTRIBUTION (Y OR N)s Y
PRIIT POSTERIOR DISTRIBUTION (Y OR i)t N
ENTIZR G LD SPACINGE 2,5
ENDE2 START, ST0P STERS(] -~ 32,3

FuTiod 320 0P dduiin (N=EITILE SCREEN)E 0

FATER STEPS OF FLOW (>=0): 0

ENTIN TARSET FILE NO.  (1=90)1 |

EITIR TARGET FILE NO.  (1-97)1 1

FUTIR ). OF POLATS PER FLOY (1,0,25 00 49)8 |

frsn ot thesa dinsuts  have heen dnscrihed unider option CHP, Here, in
11iitinon to the information proiuced by ontinn CHP, the ‘'iser Yas aske
to disnlay  the tAarjet oronbability fistringtion prior to the search at
213¢h tine sten,

g




Qption MAPL

This option computes and displays the intormation contained in the
CDPL option ani also displays the informatinn maps, and the target
prinr ani/or posterior probability distribution maps that result fron

the sensor screen search bheaing madaled, An envirnonmental/sensor
contnur file, Aa sensor ftile, Ani at least one target file must be
loaded hefore this optinn is selected, A typical commani seqguence
followss

SELECT 40Dk (HELP GIVES LIST)s MAPL

PRINT PRIOR DISTRIBUTION (Y OR nN)s N

PRINT POSTERIOR DISTRIBUTION (Y OR W)s Y

ENTER GRID SPACING: 1,0

ENTER START, sTOP STERS(] - 3)2,3

ENTER GROUP MUM3ER (N=ENTIRS SCRFEN): 0

ENTER STEPS OF FLOA (>=N)t O

ENTER TARGFT FILR NO, (1=-99): |

ENTER TAROET FILLE NO. (]-99): N

ENTER HO. OF POINTS PER FLON (1,9,25 0OR 49): ]

These inputs corresnond to the ones in the ontinns CNP and MAP, The
outpuat nroduced by this sejiuence 1s in Chapter VI,

On the localization map the numoer in each <c¢ell s the Aaveraga
none-sigma radius of an equivalent circilar SPA,  Alternatively, twice
the number {in the cell is the average raiius of the circiular SPA within
which you would expect to have the target localized,

Ctha e
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Option HELP, Tyoiny HELP will result in a display
valii ontions.

SHLECT 49DE (45LP 3IVvesS LISTYs HELP
[NID TSIER POSIT MARGE RB=AR CoOMT HUTPUT
DO LLISS LeoN LTy LSkd LTAR

ULOSS UJCON UR T 1J8=N JTAR

PNSN PDSTRP CRR CDPL MAR MAPLL

of the 1list of :

OO
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RQATA EFILE STRUCTJRE AND CREATION

This chapter descrihes the data files which are used in the
operation of the SCREEN program. Hoth the contents and the procedure
for creating each file are descrihed. In this chapter it is assuned
that the user knows how to access the host computer ani begin executinn
of the SCREZEN program.

Note that in normal repetitive use these data files are already
available on file, And so the procedires 1described {n this chapter may
he d31ss5ed over by the occasional user,

An extensive example of data file cr=2ation is given in Chapter V.
Refarence is made to that chiapter for examples nf outout produced by
the steps onutlined here,

Twn nntational conventions wll be usedi without further comment,
nanzly, Aan asterisk (x) denotes compiler parameters that can “e alterei
in the source code by changing the corresponding parameter variable,
and user responses to program prompts are tnderlined,
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Jeneral Renarks
This section jives sone general remarks about d4ata file structure.

Eile -declaration, When the user exectites SCREEN, he will he asked
to shecify or create the fata files used hy the SCREEN pnroqram. There
are thrae types ot tiles involved, each identitied by a nuaber 1 to 99,
[hey ar» the followings

(1) [he_anvironmental/Zsensor contour _file (denoted “/PROP/
for nropnajation {ata) contains all af the parameters
asgociated with the Aacoustic environment and certain
contoiurs which descrihe sensor performanca. The file
may cnnt3in up to 17% pronagation loss curves together
with the assnciated reverheration curves (if the
nropajation loss is for an active sensor) ani un to 20%
srnsor asnect coatorurs,

(2) [he sznsor file (dennted 25ENS’) dascribes each onf  the
1collstic sensors usai in the ASN screen toaether with A
sat of time-{epanient sensor narametars over the full
yerind of the prablen,

(3 [he tapuet tile (Hdenoted /TAR;7) Aescribes the acoistic
characteristics and motinn Aassiumntinns  for A target
penatrator. Up to 17% target nnise levels are indexed
for aach target,

File_ indicas, Fach sensor in the sansor file uses three indices
Wwhich rateranc:  the apropriate pnrtinons ot the PROP contour tile and
the tarayet fila. The first index indicates which propagation loss
ciurv= trom  the PrROP  contour ftile applies at this time sten for this
sensor. The second index specifies which sensor aspect contour in tha
PRI contoitr tile apnlies to this sensor at this time sten, The thirt
ind:x indicates which taraet radiated noise level index the sensor is
tryi vy to letact At this time sten, The same noise index is used to
identify interfering nnise from the HVYJ and other sansor nlatforms,
Tha resilts of  SCRYEN  are meaningtul only if thase three sets of
indines have hnan consistently anolied,

The consistent applicatinn of these three indices {s a critical
factor in using  SCHREREM, Prior to oneqinning -data inptut into these
fil s, one shnoild make initial index assignments.

The selection of environment crrves, sensor contoirs, and target
noise leavels depends on the tynes of sansors and engijgements that are
tn 2 mndeled. At the oiutset, the SCREFN uyser shoitld specify the
canfi-date sensars  and threat tarqgets, From these, operating modes and
acoustic datection mades may bha establishel, The sensor freyiencies

- A4~




and aoperating depth determine (together with the target operating depth
and ass'me-d acoustic environment) the PL and reverberation curves., It
two frequencies are close, it may he possihle to doubhle up and use the
sam2 PL  curve. I[f a depth jame {s to be played (e.j., search both
shallow ani deap), then sets of curves are neelded for each depth (in
the sensor ftile the choice of PL curve can be changed at each time step
if lesired, so it is possible to emulate sesarch at different depths).
Nifterent asstmed target depths also may require separate PL curves
(the proyram at present does not exvlicitly consider target depth).
Joth passive and active sensors may 1tse the same environmental
curves=-the passive sensor simply ignores the reverberation data.

Required files. Some program nptions do not require all  three
files. Ta»nle IV-1 lists the minimum required file daclarations for the
variotis options. More details rejarding this can be found in Chapter
[Il where the individual options are discussed,

Only one PR0OP and 3ENS file may e declared (loaided) for each
selrction of orogram ontinns, but multiple TARG files may be declared.
A particular file is declared by stating its number, In the user
directory, the files Ars stored tunder names that inclide the
identifyin; niumber. For example, PROPN1T  is the environmaental/sensor
contnHur file ildentitied Aas number one, 5SENSN3 is tha sansor file
identified as number three, and TARG39 is the target file identified as
numo:r 39, File numhers from | to 99 are valild.

hen a data file Is declared at the start of a run or in the [INIT
option, the prngram loads the file with the corresponding identifyinjy
number if it exists in the user’s directory. If the file is not found
in the user’s directory, the proqgram hranches to a subprojram which
reqiests user input to create the file which is then stored for futur=
reference. If the 1iser wishes to overwrite an existin; file, he must
first delete 1t. [n the ' simplest mnde of operation, SCREEN uses
existing files and the user does not need to know how to create the
files, It A zero is entered for A file numaber, no tile will be loAaded.
ASIQWown in Tanhle IV-1, many options dn not require all types of dats
files,

Eile praotection. In general, the data files are not protected from
alteration by the program. Certain proiran options will cause chanjes
in the Jdata files. These are listed in Table 1V-2, Jdnintentional
chanjes to data files Aare likely to prodice catastrophic errors, and in
particular, to alter the contents of lahorinusly constructed files,
The nuse of backip copies of valuable files or system level nrotection
against alteration will prevent accidents of this sort. Also if
comylicated files Are created using option COMI, see Chapter [II, then
if they are destroyed they may he recreated simply.




TABLE _IV=-}

ALLIMUM CILE DECLARATIONS FOR STALED OPTIONS

Uption

I'STEP
POSIT
AARGE
JEAR
1.1L0S5
LCOA
LpImu
LSEN
I.TAR
JLOS>
JCON
JPTH
JSEN
JTAD
D DSEN
PNSTAP
crp
HPL
HAD
AAPL

Minimum File Declaratjions

SENS or TARG
TARS

TARG

TARG

PROP

PROP

SENS

SENS

TARG

PROP

PROP

SEND

SENS

TARG

SENS ,PROP
SENS . PROP
PRIP,SENS,,TARG
PROP,SENS,TARG
PRIP,SENS,, TARG
PROP(SENS,TARS




TABLE [v-=2
PROGRAM OPTIONS THAT ALTRR DATA FILE CONTENTS

Qption Eiles Aftected Effect

TSTE? SENS or TARG (1) It the new time step is jreater than th=
current time of the SENS or TARG tiles, then
the files are extended to the new time, The
pravious information containei in the files is
not lost.

(2) If the new time step 1is less than the
current time of the SENS file, the current
time of the file 1is truncated to this time.
All information is lost after the new time

step. #

(3) If the new time step 1is less than the

ciurrent time of A TARG ftile, ngo__action_ is
taken 3 the TARG file is unaffected.

(4) If the new time sten is the g2me as the
current time of a SENS or TARS file, no action
is taken fHr that file.

POSIT TARG The target file specified in the aption

MARE is altered,

dEAR

JL0O3 pR0P The spercified oropaqgation loss or

reverbearation contolrs Are altered to the new
declared values, [t is possible tn exit this ]
option with no changes, {f desired,.

JCON PROP The specified sensor contnurs are altered tn
the new declared values, It Is possible to
axit this notion with no chanje, 1if desired.

uoeri4 SENS Snecified options Aalter previous file values,
It is possible to exit this ontinn with nn
change, 1f desirel,

JSE SENS Specified options alter previous file values,
It is possihle to exit this ontinn with nn
chanje, if Jesirel.

JTAR TARG Spercified optinns alter previous file values,
[t is pnossible to axit this ontion with no
changes, if desired,
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2202 Eile == _%avironnaentalZiensor Gontour EFile

The eavironmental/sensor contorir (PROP)Y file c¢ontains narameters

53001 it~ with the acoustic environment and sensor har-iware

charictaristics that  In jenaral 1o not chanje with time, These
inct 1 i=¢

(1) 10 tn | Y pronajation 1nss CHIITVES, eAach with
Aamiiiireactional inhient nnise,

() tha nssnciated reverneration cirves (active sensors
snly), eicn with soniar sorrce level and delta RD for the |
raveroeratinn linitai case,

() I tn 2N% genss)r felt1 nnise  contnurs, ~1ach with
Hrectivity iniax,

(1) up to 20% seAnsar heam widdth coantours,

(5) uan tn  22%  lannia  an 3519ma tahles for hearinng
neasiremants,

(") up to 2% 1 amhia an- siyma tahles for ranqge ]
neAas Y enants,
The d{escription ot these gqiantities fnllows,
Environmental data, The environmental Jd3ata are c¢contained in [N+

1ssnciated groupings  of  data that are identifiesd by numbher. A given
nraoeral arouning contains the followin: informations

Prooajation loss ({o) tabilated at I+ mile intervals out  to
12N* milr~s,
Janidirectional ambient nenise (ib) for tha environment,

Active revarheration coirve (b)) tanilated at 1% mile
intervals ot to 1204« nil=2s,

Change in recojnitinn differential for reververation limited
operition (as compared to noise limited operatinn),

Activa soirce level (iH) associated! with the reverberation |

curvn-.

If a2 jrouming of anvirnnmental data refers to 1 passive sensor,
then tha revernaration curve and assonizte! {ata cAn b2 omitted, 4
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The environmental tfile always contains records for each of the iD%*
jroupings. Until a grouping is given particular values, 1t contains
Jefinlt values, As Adescrihed ahove, every sensor in the sensor file
indexes an assnciated environmental group number which Jdetermines the
data that apply to that sensor at that time step.

2ensor _asvect contours, The sensor contours in the PROP file
contain information that tends to be hardware related anid this
reasonahly constant for a j;iven sensor type. The data are groupings
numvered 1, ...y 2N*x  And called “contour nimber’ in the SENS file, A
yivan numbhared ;rouping contains the folleowing information:

Directivity index (D[), This gives the Aarray discrimination
against omnidirectional anmhient noise. The DI is tsed only
to reidica the omnidirectinnal ambient noise Associated with a3
propajating lnss curve,

Two contoirs specify sensor resnonse 3as a function of
relative bearings

Relta-self-noiss as 3 _function of relative bhearing.
This is the effect at the theanmfoarmer outpiut of
sensnr platform nonise, A nominal valie nt
self-noise is includaed with each sensnri the tntal
self-noise at A qgiven relative bearingy 1is the
algehraic sum of the nominal self-=noise (niven in
the SENSG file) and the delta self-noise as aiven in
this contour,

deamwidth of receiving Aarray As A function _of
telative _bearini, This beamwidth is the anqgle

netween the 3 db down points on the main lobe. In
general, this will vary with relative beariny., The
heamwidth in a2 ~niven direction Iis ysed in

fetermining total background noise due to the
presence of other screen units. The interference
of the sensor plattnrn itself is treated under
se]l f-noise.

The sijgnal excess contours specify the statistical pronerties
(standard deviations and mnean time hatwean independent
samples), two each for bearing and range measuremants, These
are expressed Aas a function of the mean signal excess (SE).
They are identified as follows. It is assumed that sigma (8)
for other veams is proportional to the beamwidths.

dearing standard dJdeviation as a fuanction of SE. For
a directionAal sensor. this is called the sigma(3)
curve. This curve applies to a beam having A
stated nominal bheamwidth.

e s M,




dearing measuremant relaxation time, This jives the
nmean time thetwveen iniependent hearing sampleas,
fThis is called the lamoda(4) curve,

danae _staondapd _deviation 3s a function of 0%, For
an active sensor, this agives sijyna(R).

2an3e_relaxation time, This jives the mean time
netwaen indepenfent ranjye samplas, This is called
the lamhdAa(R) curve,

Th2 contours of hnearing and ranna standar-{ daviation an{
relivatinn time2 as a fuactinn ot sinal  excess are used in the
1ncalizatinn routines, [f the oroayrarm is anly 1used for Adetection,
these coantoiirs may be omitted,

Generally spealing, the accuracy nf A Dearing or ranas
let 2rmination iepends onn  the sijnal excess received from the tar-jet.
This is reflected in the ciurve of siyma(3) versns mean signal  excess,
[h> curve annlies tn 3 narticiular heamwidth, aenerally taken to be 13
toriari=losking bean for spherical and contormal arrays ani 3 broadsi fe
(NOY Hagrees) YHeam for wide aperture arrays ani towed line arrays, The
valia ot sigmal(3) is assimed to He pronortional to  veamyidth, and &5
spetilfying it for some nominil heamwi dth Aefines it for ths others as
wall,

Th~ signal excess contHurs are '1sed by the projran as follows: it
the comniate ! mean signil evcess is 1255 thin the lowest valite tavilated
in e contour, then ng loc2lization is assuired (althoiigh Jetactinn is
still parmittel), A mean sinal excess "ither than the highest valne
tavrilatad 1ses this highest value. Thius, if one estahlished 3 sijyma(h)
ani laas{a(ll) varsis sinal excess contotur with A single input value,
such as  illustrated in rigure IV-1, the eaffect wnild hest nn hHearin;
1easayaent posaible for si jnal excass < N fdbh, And bearings occur  with
siyni() = H degrees and lamhda(d) = 15 ainutes for any signal excess
jrenter than » eqiial to O db,

Frequently it will »ne foun{f difficilt to obtain ounlishe.d valles
tor si 1), ~tce, as a3 frunction »f sinal excess. In sich cAases, tise
2f sinjl2 entries is Justitieds the nonly; necessity is tn Jetermine =2
cutnff valiue 9elow which Iocalization is not possinle, and  the wvalies
tHy 31 ga(3) and lamuda above this cutoft,

Th> relaxation numhars rafer tna the mean time batween indeneniaent
san-les of nearings or  ranne, [he proaaram assimas an expnnential
pratese wfth a qean valge dataermined bv  this  inpit, ntortunately,
valiiras foar this are nnt easily ohtained, as it is not normally inclifed
1000 the descriptive matarial on A soanar system, [his is nfortinate
ves1iae tha {3ty rate for independent  hearing or range  samples is
ywwiotsly v ver s jnaportant paranater foar 1se in assessing localization,

e signat-) and 1amhi3a(R) cantonrs are handled (for active gnnar)




in 2 manner analogous to sigma(B) and lamhda(B). For active sonar, it
is 3ssumed that sigma(R) is constant with ranne, haing related to the
ability to maas’ire arrival time rather than to geometric
considerations,
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The sensor contours incliukded in the PROP file reflect the sonar
platform, array characteristics, frequency of nperation, and the signal
processing harivare (particularly beamtormers)s

(1) Delta self-palse is the change in selt-noise as a function nt 1
relative »2aring. This change comes about Aas the combhined
effect nf changes in heamwidth And directional

nlattorm-jenerated noise. This contour 1s also used to E
depict "haffles" which effectively Hlank out sectors of i




(~)

(h)

(c)

(~)

()

(1)

(e)

relitive Hearing., General remar¥s about J. 3. SONArs Are
as tollnwsz:

spharigal _arrays nick un  shin-jenerated nonise At

certain relative hearings., These tend to chanqge
fron shis to shin ani  with time, Jsually, this
type ot noise 149 nnt nmaieled (it is Aassume ! the
ship ¢an mineuver to  avoid such lines). In

Addition,  hiall-mnotnted spherical  arriys have A
n3ffle area which isnlates the sohere from the
shipne.  This is rodelad as very high self-noise (to
ealininate detections "in the baffles") in the
firection »f the naffles,

conformal Aarrays also tend to pick up ship nnise in
tha relative haarings that face the shin. This 1is
3lsn Mni2led  as Hinah selt-nois= in these
iirections,

Lowad line_ _arravs will tend to have a fairly
nitorm salf-nnise fiald, althorah it will increase
in the directinn »f the ftowing platform.

(2) deanwi fth for an rray is 3 fruaction of the array geometry
A frejqu=ncy of oneratinn.  Comments on the qeneral tynes of
sHNAr tise |

in the U, 5, Navy are as follnwss

wpherical arrays tend tn have a constant beamwidth
at all relative bearings that is provortional to
the cent>r freJiency of oneratinn,

conformal _Aarrnys (And to A lessar axtent snherical)
have a o=2amvi {th that {s narrowest in 3 forward
iirection Ani1 Hroadens as the relative hearinng
increases left or rint,

ulde _Aaperture _arrays hiave thea narrowest neam
nerpendicular Yo the array baseline, '1sially at 90
feyreeas ralative,

Laowed line_irrays have a heam that is narrow at 90
dearees relative and »roadans  consideranly for
forward-1nokina oeans,

dani_sensors are non lirectionAal sensnors. “nter =2
heamuwidth of 3470 dearees to snecify an namni sansor.,
[t the sensor 1{is ~lso aabient nnisae limited, an
aMNI sensor My He dafinet by responiiny  ZENDZ to
the first rejuest for deltn self-noise ani
veavi fthe  This sets deita goalf-nnise tn =1NY  and
pceanwi 1th to 340 {ejyrees, the ¢afanlt values,




Creation of PROP PFiles

Tha environmental/sensor contotr files Are stored in the user
directory inder the namaes PROPOL, PRIPN2, ..., PROPI9, Nhen [NIT is
beiny executed, either to start up the projram nor 131s an option, the
user will be asked to specity which he wants to load with the followinjy
oromots

ENT=R ACOUSTIC JATA FILE NO. (1-99)¢ |

The projran will search throtgh the user directnary for the inidicated
tile, in this case PROPNI, #When it does not find it, the nroyram will
hegin prompting the user for inputs.

Propajation_loss _input, The PROP file provides for the tabulatinn
of 1o to I0* nropajation loss curvaes, identified by numbers 1, .., 10,
Each curve corresponds to a narticilar environment, frequency, tarqget
Jeptnh, Ind receiver depth,

The first set of prompts Allows one to input A n»nropagation loss
curve and  1its associated reverberatinn curve. Tyning a zero for
"PROP LOSS CJRVE N caitses the orojram tn hranch tn the sansnor aspect
contour entries.

The orompts presented for inoutting a pronajation loss  curve
anpear as followss

ENTER PROP LOSS CURVE NO. (1- 178 |

ENTER THE PROP LO3S CURVE LABEL® RROPLOSS#L
AMBIENT HOISE (4n) 140

ENTER RANGE (nm) , PROP LOSS (4h)  PAIRS
(ENTER PROP LOS3 =200 TO DELSTS RANGE ENTRY)
(ENTER ZENDZ TO POP OUT)

DATA POINT: A.74

DATA POINT: 12,430

NDATA POINTS 12,78

PDATA POINTS 13,80

DATA POINT® 24,42

DATA POINT: 32,34

DATA POINTs END

The prop. loss.__gurve_aumpber 1is the 1index of this narticular
aropajation lnss curve., It the same index is input twice. the previous
contents are lgst and revlaced in their entirety by tha new curve data,
[he propagatinon loss curve label Aappears above the printnut of the
oronpyigation loss curve in the LLOS5 option and in the table producnd by
the LSEY option. It 1s 1sed only as A label and can be lett blank,
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The next input is the omnidirectional amnient noise, This
juanr ity is  normally ohtiined fron the same source as the propagation
Inss curves, The final inniat is a representative set of data points tn
set ip the nronagation loss curve. dhen all points have bean input,
typn 25407 a5 ghown  ta orocee! to the naxt set nf nromnts, iUnless
anotaer value is specitied, the Inss at 9 nm has A defanlt valie of AN
ihe  The nrop lass is stoared accarding to the valie of ranqge rounidad tn
the i1aearest intejer mile, [t the ranjge 15 onutside nf the bounds
astialishe] in the program (0 and 129% miles)  an error message will
aayrar. Iaputting 3 range a4 second time will correct the first entry.
In tae above illustration, the nrogram assiumes a nropajation loss of /3
th At ranae 12 nm, which is a4 corractinn of the =0 dh antered ahnve, A
orocaatina loss of =200 will faleta the ranje entry, Tha oroaran
contins an iater ) nlatinn routine that linearly internolates between
tha inpnt values, The highest rany2 entaered ends the 1lonk-up tahle,
Tha recordad value for a3ll larger ranges is the Jdefaunlt, bt is not
accesse !l Mring the projran,

Reverneration ciurve faput, After an YEIT has heen  typed, the
remaining oromnts  assune  an agtjize  sensor. To omit this part for
passive seasnrs, the nser epnters a  zeroa (0)  for S (active source
l=2vald), ant  tha oroaran will skin the reaveroeration 2iurve and requast
mntaer aropagation Inss ciurve index. [f 3 nositive wvalae nf L3 s
antred, the ororam will asx  for inaput of the reverberation cirve
asinciitad with the aranavition loss curve, The follnving prompts jive
a0 oavaanla of iaput of a reveroaration cirver

RHT 0 ACT. 30URCE LREVEL AND LT <P FOR 4VERRGCID) (D= BXIT)

Lo Cab) AND THLTRED (inde 235 )

ET < REV=R SLrvE [ASELY RBEVERI#|
ENTER? PANGEH (nm)  HEVER3 (H) 2AT1R3
ENT=R xBEVERS =290 T) DFLETS (AN F = 0TRY
BT 2Ry TO 0P 9T

NDATA DY IT s i__._"’)
DATA POIATE 5,10
PATA DOIMTs ©NO

che inont is very similar to the inoat of 3 nronagation lnss canrve,

The gsource _level i< tnhe level of the signal emitted by the sensor,
[he qroantity D TRD 15 dafined ast

DELTRD = POCR)Y = RO




S f

RND(R) = Sensor recoqgnition differential
nnder reverberation linited
operation (1b)

RD(N) = Sensor recojnitinn differential
tunder noise limited operation (ib)
(this quantity is recordesd in the

f SENS filed.
q
zj The reverheration_ curve _lahel anperars above printoits
revarheration curvet it may he blank,. Finally, ranqge

revarberation ({b) are input followed by an ZEND to exit.
defa1lt value At O (zero) range is AN h,

x5
I

T
-

Aspect _contour jianpttt. After an entry of 0 (zero) to

contours. The first nrompts sre as followss

R - U

THTRR ASPECT COHTOUR NO. (1=-20)s |
ENTER THE ASPECT CONTOUR [LARSLt ASPSCT#1
ENTE DIRECTIVITY INDEX (b)) = Q

CRR

.

A The aspzct contour numbar corresnonis to the Aaspect contour

‘ the sensor file. The agpect contour lavel appears above the plot of
. the aspect contour 1n the LLCON option and in the taoble produced by

J LSE{1 optiont it may be blank. The directivity inldex ()I)

K tha amonnt by which omnidirectionAal backjyround noise is redducat because
4 the sensor is listeniny in only nne direction. This parameter

b onl; to reduce omnidirectional anbient noise in the sonar egiyation.

k| Next, the proqgram will promot for insuts of the actusl

4 contour Aas jiven in this examples

; ENT R HBEARING(dey), M=LTA SELF-NOIS:(4b), By(+-3-ib)

i (ENTIEER 2EWNDZ TO EXIT)

; (FENTZR DRLTA SRLF=NDISE = =170 [0 TDRELETE ENTRY

i DATA POINT: 0,5,36

: DATA POINT: 20,5,48

\ NDATA POINT: 30,0,12

4 FATA POTNTS: A0,0.6

MATA POINTS 120,0,6
PATA POINT: 170,0,.48
NATA POINTt 130,0,135
DATA POINTs 120,020,438
! NATA POINTt 240,0.64
PATA POINTt 300,0,.6
NATA POINTS® 330,0,12

Pro>y Loss Curve No.’? prompt, the user will input the sensor aspect
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{
PDATA POINT: 340,.3.48
DATA POINT: END
' e cearing 1is the relative peariny in degrees clockwise from the
= saninr’s bow, The deglta self-noise 1is the adjustment to effective
! salr-nnise ot the sensor for that relative bearinj;. Self-noise is
neasured at  the bheamformer outpit, Aand  includes  the lirectional
discrimination nt  the seasor, The beanwidth is the wi-ith of the main
‘a loh» Letwezn the 34H down soints. These trinles Are internolated tn
A form tha asnect  cnntour  «hich  is  tahulated at 6+ leqrae intervals,
centarel at ) dejrees, 6 {eirees, -6 dajrees, etc, dearingy entries are
nndilo 350 deqgrees, so nejative  nearinas  are  allowable, They Aare
3 conv:rtad to tha corresponding nearings in the range [9,367).
b
‘: 5ignal_excess contours. After entering ZENDY  in the “‘trinle’
nroants, the tuser will e nresented with the followin: promnt:
%
s ENTE ¢ Q=FERENSE SEAMNTIIT T (+=3 db MWN) 34
|
! [he raeferance beamwidth i t1sed in  1ncalizatinns, This 1is th=
o neartvitth for which the next qroup »of  curves  anplies, A different
:1 geanwidth will resialt in oroportional adjustment of th: cuarves,
f! [he naxt set of oaramsits create  the *heariny signa  and l1ambhdl
3 contnurs. They appear as follows?
b |
FHT R 55 (Ah) ,ST1G.8%0G(dey) (RELAKLTIME (nin):z10,15,30
$ FYTER S2 (D) ,S15.BRG(AHe ) U LAK TIME (min)t=H,10,5,22,5
3 ENTER S5FE () (515 8RG0den) JRELAXLTIME (min)s0,5,15
! FHTER SH (db) 4 S15.8r6G(de3) RELALTINE (min)25,4,5,15
: BT ¢ SE (Ab) 4 516.3R5(deq) JRELAXCTIHE (min)s iN,3.15
i FiT=2 S8 (D) W 3I6.8BR3(den) JRELAX.TINE (min) 2 15,3,105
. FHT I S5 (Ab) (SI5.8250dey) (RELALLTIHS (min) e =dD
]
o Tha rojran  asks the ser tn inoit the sijnal excess, the standard
¢ jJeviation in the hearing at that sijnal excess, an'd the average time in
! ~init=2s Hetween indenendent observations (= 1/]lambia), This curve is
% qsed in caleculating localization information, The data reqtiest is
’ terminated by anteringy 2ENDZ4.  If no curve {s fto be inHut, reply Z[ERND/
i to tne  first proant, Renlyingy “7END”  tn the ftirst promnt 1is an
i affortiva vay t describe amniliresctional sensors.,

thaese nrompts?

(1), I3 RNIGH (yis), QFLAX.TIME (min)3=10,40,30

(A ST1G.RAIGE (vds), RELAXCTIME (min)2=9,30,22,% P

49, SIGGRANSE (yds), RELAX.TIYE (min) Q10,15 ‘L
- A=
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ENTER SE (dh), SIG.RANGE (yds), RELAX.TIME (min)15,0,15
ENTER SE (dAb), SI3.RANGE (yds), RELAX.TIME (min)$]0,0,15
ENTER SE (db), SIG.RANGE (yds), RELAX.TIME (min)t]5,0,15
ENTER SE (db), SIG.RANGE (yds), RELAX.TIME (min)#ZN]

1ere the proqgram is asking for inoput of sinnal excess, the standar
feviatinn in A range measurement taken at that signal excess, And the
axpacted time in minutes hetween independent ranae astimates, This
curv: is Aalso used in locAalizations for Aactive sansors. The data
rejizrst is terminated by entering 75D/, If no curve is tn "ne innngt,
renly ZERNY to the first nromnt.

Finally, the following promnts will Aaopear:

FNT<R ASPECT CONTOUR NO, (1=27)3 0
ENTER SENSOR FILE NUYBER (1-99)1

dhen a 7ern is entered tor aspect contour numbher, the nroiram will
continu2 on to ask foar the sensor file numhar, discrssed in the next
section.

Envirnnmental /sensor contour files can he modified ontside nf INIT
vy "1siny the ULOSS and UCON ontions. These ara discussed in Chanter
[1I.

Simplified input of PROP _files. The PROP files Aare desinanaed sn
that the user can “pass over" unwante:d -etail. Snecifically, for the
simylest file creation, the following is worth notingt

(1) The nropajation loss (PL) and reverneraton curves Aare
nhtained hy linear interpolatinn bhetween vAalues inout hy
the tiser. There 1is A defatlt value of &9 db at | nm
(unless chanqged by innput). Hence, the simnlest 2% ctrve
is ootained by inputtinga a sinjyle line stch ;§ the
followin-;t

ENTE? RANGE (am) , PROP LOSS (db)  PAIRS
(ENTEQ PROP LOSS -200 TO DELETS RANGE ENTRY)
(FNTER 2ENDZ TO p0O® OUT)

DATA POINTS 40,100

DATA POINT: END

This produces a 1linear PL curve between 67 db at | nm
and 170 4% at 40 nm and no deteaction possihle beyond 40
nm,

(?2) Omitting the active reverberation curve simnly means

- []-
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that
SNNAr

NTRR
ISIERES!

"reverberation 1is not imnartant " {.e., an active
is presuma]d tn  onerate inder noise limiterd
conditions,

AT SOIRCE LEVHEL AdD) DELT RY E9R QEVERK(CIw) (0=
iT)

LS Cin) AND D:L0R0s 13000
TN RBEVERS CRVE TAREL: Active surface
ENTER 2ANGE (nm) , REVE3 (b)) DATRS
ENTHR REVERS =290 Ta DELETE RANGE SNTRY
TR 2PN T PP YT

AT

AT

filti

AN POTHITs ZND

B PR TS5 2V e (1= 1M 0

nle PLL cirvas are availanle if desired, bat need

nnt he  vsaed (hnwaver, 1t least  one Pl cirve miyst bhn

infin

Anvy 7
jiven
consi

(1)

(b)

ad),

contoirs’ that are not {afined! are atilized with
Anfaglt  vialies thiat effentivol s roemove then fraom
feratinn,

fhe relative Hearing,; contoirs can e set  to 3
constant valur Hy 1 one Tine inogt (any relative
oeariny is all right) such as:

ENTINO3EARING(de ), NILTA SILE=NOISITC IR, 3 (+=3db)
TRIPLIS

(FIT5q 2707t 09p ))T)

(FATFR NILTA SELS=NO[5E = =100 70 DELETE ENTRY
DATA POTIT: 99,3,9

DATA POTITE EH4D

saraings it the oeamwidith contotr is nnt Aefined,
it will “detanlt to zaro, with the effact that there
“4ill He 1o interfering shinmin~ nnise (which 'ises
Heanwi-ith in the calciulation),

The HE coantartirs are '1sef tor lncalization, It the
localizatinn is not 2mnlayed, they may he Aamjittad,
The simplast  nontrivial inpat of 5= contorrs
reqiires gna line of innit, namely, 3 sianal evcess
valie, 3 hesariny valiue, and A valie for | anmhda,
All mean s5iynal pvraass  yalries  Aannve  tha  {npigt
simAal eveess will 1se the {nnt values foar hearinn
ani{ lamnia while wvalties el o the it 51 3nal
oycaas Ww1ll have ~oera Yeariy~r and larwia,




If in douht, the contents of the PROP file can bhe
LLOS5 or LCON options.

reviewed

1Hsing the
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{ SEN: File--4ensor File -

Sensnr file Harametars describs each of the acoustic sensors and .
Rijh value mnits usad  in the nrnoblen., The paranetars that may vary
with tite are descrioz{ in the SENS tile, whereas the constant £
nariyinters that  depend  on hardware design are descrihed in the sensor
contHtirs contaiaed in thae 2490P files,

Tha numher of sensors can only He change | when the file is at time
5t2) zero. se1sors nay He turned on and off at each tine step, hit the
tota]l numher of sensors is constant thranjghoiut the nroolem. Thus, 1if
it is planned to a41 sensors 1t sonte tinme, these shoiuld he includaed at
tiae step D and turned off if nnt yat emnloyed, :

. B
e b e o s stk ftara a1

Oaly ne SENS file may he declared at a time, o1t within that tile
mAany seasnrs and aother tast foarce units may He incluided,

o AR g i

voalam

Tha sensor files Aare storad in the tser directnrv under the names
HSENSYT, STISN2, L., SiIENLDO, kbiyen INIT is naxeciuted autnmatically At
the stAart of the orosran rin or later on as an option, 5CRESN will Aask
the 1ser to spnecify which file hae wiants tn load with the following
nromots

A )

F eSSl

EHTE 0 SENSOR FTILY NUM3ER (1=-29)s |

ol s b e i

[he Hrogran will search threnugh the ser directory for the specitie-d
: file, in  this case SENSN1.  dhen SCREEN foes not find SENSNE, it will
i nNely tha niser creata the initial file data (for tine step 2zero).
' Changes to the file are ‘fone hy nsing orngran oantion SEN, described in
Chanter I[I1. |

B R R AP T

et it

File_ane and_tine oariameters, If no SENS file is found, the user
is oromnted to provid=a the inputs unacessary to constriuct one., The
firs- three prompts Are:

EHTEY STHSOR FILS MAME:S0 108U0Y FIELD
ENTSE START DG (DD, HA44)s 90,100,170
TNTES DELTA T (hrs) 8,25 !

Tha ame of the sensor tile will apoear abnve LSEN ait-int, The start

tin~ for the pronwlem is then entered Aas A two—1i7it dJay numher, a :
ten=11i it ynur yvmoer, Ani a two=diit ninnte nimbear, Finally, the )
tiser is  asked for DFELTAT in hours., ‘'lere, fifteen minutes i{s inpnut as
7.25 hoars., This DELTAT represents the lenjth ot 3 tin2 sten, and will d
e psnd tn time sten the ascraen nroblem.  The nrogran Assumes  that A

4 constant time step is used throujhoat the sncounter, {}

DL4 designation. Next the tollowvingy arompts will anpear:

- 3y - E




ENTER INITIAL PIM COORD (X,Y) (nm)s 0,0
ENTER INITIAL PIM SPEEDN (kts),HEANING (dej)s 12,0

Here the (nit{al PIY position is at the orijin and it is moving north
at 17 knots. Throunghotit this volume headinjy is in degrees clockwisa
from north,

HVYU detinition, Next the HVU parameters are definad,

ENTHER THE HVU NO, (1= 53t |

ENTE<R THE HVU LABEL (ENTER $s TO DELETE) s HvU#1

ENTER HVU INITIAL COORDINATES (nm)s Q.0

ENTZR HVU SOURCE INDEX AND LLEVEL (db)(0=POP OUT)s 1,165
FNTER HVU SOURCE INDREX AND LEVEL (db)(0=P0OP OUT)s Q
ENTER THE HVU NO. (i=- 5): 0

Jp to 5% HVUs may be input with this ontion. e enter HVJ index of 1.,
The VU 1label is used only tor orintouts. Th2 sinificance nf “ss" js
expl 1ined in option PIM described in Chanter IIl. Basically, this Iis
us21 to remove an HV'] that was previously detined, The HVU is assumed
tn fnllow PIM,

The SCREEY program treats HVUs as nnise malkers which interfere
with the detection performance of the nther screen units., The levels
»f noise interference are indicated in the next user responses, There
are IN0% possible distinct noise 1indices, corresponiing to Adifferent
sensnr acoustic performance charactertistics (narrowban- lines,
broaioand, Active, etc.). For A given use of SCrREEN, the user should
ast»lish the identity of each index and then input at this opoint the
lev2l nf interferiny noise this HVU contributes for that index. Note
that an antry of zaro (0) is not equivalient to no noise since decibel
nits are 'ised. Any indices which are not explicity declared are given
d4efalt values which are interpreted as no interferencae tor that index,
Enteriny an HYJ numher of N catises the input tno jo non to sensor
detinition.

Sensar definition. Sensnrs are defined and niunhered sequentially
fron | to the maximri numher of sensors alloved (currently 40+«), Thesn
are the ecssence ot the GSENS file, ani therefore their input is
descrived in some detail,

Nascription of a 7iven sensnr is -defined by the followiny prompts
and responsess

DO YOU NANT TO DEFINE MORE SHENS)IRS (Y OR ¥yt Y




it the answver to this nromnt is “Y’, then the projram requests
fata fHrr 1 new sensor., The sensor is addad to the end of the existinj;
list of sensnrs (if any) v npabaraed accordingly. Sensor order can be
chaa el with option USEN describand in Thanter JI1I§8 tha sensor number
latarmines tha sequence in which sensors are listed in option LSEM,

It the answar to the nrompt is 2Y7, then the proaram evits sensor
file initializatinn  and  orampts tha tisar to leclare tarjet files (se=
bhalow) .

FUTS 57800 TASELT ($$=)FLETE) 1 SEHNSOR#]

[he sansor la»ne]l anpears in the [L5YY listings ynless the sensor
1anael is 2357, in which case the sensor is omitted fron listings and in
vifition is considered to bHe ‘off’, Sensor positions that are reservel
tfor rit'ire se  can  be jefined with lanel “75$7 and tyne of sensor
spacifiet 207 (off) <hich can then He chanjyed hy aption JSEY when 1t is
tin: to use then, (If the sensor is not specified 2s ) (off), ani 1is
latar tiraed oo by removing the 23357 with a name, subsequent detaction
an{ localizatinn verfnarmance calcilatinns will treit the sensor as
seing on Aall the time. [f there i3 any rncertainty as to vhich sensors
are Heingy  evaluatad at any time sten, the answer is agiickly determined
ov lonking ot the [LSEY printout for that time sten.)

EHTR TYP= OF SENSOR (P, A, 1L, ))s P

EHTE INITIAL COORDPINATES (X,Y) (nm): 0,0

FHTER SPEED (<ts) ANTDY HEADING (fey): LD,N

ENT'Z? 155 /D AND TIDMINAL SELF=NOTSE LEVEL (dbh)s 10,30
ENTHER SHENM SOURCH TN AID LEVEL (do)(N=): )

FHTER PL ‘100, ASPECT 4O, ,TOT NOISE i0oes 1.0.1

ENTE? LAYMBDA (#/hr) AND STGYA (dh)s 1,9

ENTER SCAN TIYME AND INTHESRATION TIME (minJ). 1,5

EHTIR PROBABILITY SENSOR 1S AVATLABLE(RANGF N=-1): ,95

The identity of these items {s 3s follnws?

2ensor_typet P (Passive sansor)
A (Active Sensor)
L (Active Line Array)
i) (Sensor is ’oft’)
The ) is used tn allnw dnfinitinn ~f A sensor that may

ye 11sedd i v srapse jrrent time sten, An /)’ sensnr is
linted in LSEY mmless its 1abhal is 73587 3= noted ahnve,




Each
If chanes
beeny Ccreat

RD: Sensor recojnition differential (for an active
sensor, it 1is the RD that applies under noise limiied
operaton, RIMNMW)),

Nominal _self-ngiset Nominal self-noise at the
heamformer output. When this quantity is adde-

algebraically to the self~-noise contour value (in PROP
file), it ~gives self-noise at a jiven relative hearing.

sensor_nojse fndex and levels There Aare [N% noise
indices which are 11sed to define target radiated nnise,

self-noise, Aand interfering noise. A single index
corrasponds to a particular sensor Adetection mode,
frequency band, etc, If this sensor radiates noise

which can interfere with other search platforms, the
noise levels are entered here (in the same way As
fescribed ahove for HVJs), Self interference is handled
in the self noise above, not here.

Pl _nNoe.t Propagation loss contour numbher for this
SeNnsnr. This defines the environmental contours
contained in the PROP file tn be used for this sensor.

Aspect ng.?t Sensor contour numher for this sensor,
This defines the sat of sansor contours contained in the
PROP file that apply to this sensor.

Tarqget _noise_no.t The noise index that corresponis ton
this sensor. The sonar equation computation of SE ises
this index to determine taraet radiated noise as well As
interfering noise from other sensor platfarms ani{ HvVUs,

Lanbkias Number of inlienenident looks At random sifnal
excess per hour for this sensor.

2igma: Randon signal excess standard deviation.

2can timet The mean time hetwean looks at a given part
of the sensor coverajge rejion (minutes).

Integration times: The sensor integration tina
(minites).

Praobanility of availabilityt Probahility that sensor is
operational when the ancoiunter nccurs (this has to o

#ith system reliavility).

ot these itams can vary with time (excent the sensor 1a
are desirei at a given time stepn After the SENS fil
ed, option USEN {5 tsead, The specific use of

pel).
e has
these

preneny




parsdaters in describinj sensor performance is given in Thapter 11 of
reforence (Aal,

5208005 s_ 9RIroURgs_and _aroups. A tynical screen is comnoseard of a
nraser of lojically similar collections of sensors. The SCRERN ornqgram
tak=35 afvantage ot this fact oy Aallowinj; the user to form sensor
; st jroaps and o grotns by which A screen can he estavwlished by moving
1 arount alocks of sansnrs rather than defining every one individually.

Thare aro three levels of ajarejation in SCREEN: the individual
SeNsHr, sensor  suogrours,  Aand sensor groups. The or fer and manner of
fefinitinn of these is as follnwss

(1) Dleftine the sensors in__a _subiroip. The first sensor
fatirad is  the Pkinyin.'" [ts ¢nordinates are 1nsed to
fefiie the locatinn of the subqrnun. Other sensnrs in 3

stingraun are  defined relative o the kinjynin, A J
Ssudroun can consist of any number of sensars in to the 1
nrogram linitatinns on total numoers of sensors, Since 3

the sansnrs  ire nimhare{ in order of innont, the first
sensHr in a suoaroup is alsn the first listel for that

stunIroun on o LoEYN listings (iinless the order is altered 3

oy H3END ;
(%) Make copies_of the datined suogroup _to form a_aroup. Tn

nake 3 conpy., it is only n2acessary to 1inliicate the new %

conriinates of the kin:hin. Other sensors Aare then

alace{ in the sane relative nosition in the screen,

(3)  dake conies _of _the _Jroup. The coordinates ot the
“ingHin nt the first defined subgroun bhecome the
conriinates af the groun kingpin. Copies of the ~Jroun
ara 17de oy sp=2cifyint the coordinates of the jroup
“ingpin, All other sensors in the groiup are nlaced in
the nroper position in the screen relative to the '
Vinamin,

This nrncess of creatiny sensor aroiuns is only onossihle at  tha
time whan the kinanin sensor is fetined. OSubseqgquently, the program
losres track of Yingpins and subgroiuns.  Sroup identities ar2 retained
for Aanother ourpnse? they define 2 spatial cnrrelatinn  beatween
san<-ors, and ar~ used for displays »~f Jrouy performance in the DISTEDP,
0, ChPL, MAD, an{ MAPL options dascrinzd in Chapter I11.

After Jdafining a sensor with the Atinve sequance, the next nromnt
iss ;




MORE SENSORS IN SURBGROUP OF GROUP (Y OR N)& N

Here, a response of ‘N’ causes the compiiter to 30 tn the next level,
I[f a2 7Y’ had been entered, the user would first he Aasked to indicate
definitions of the «qroup correlations for the jroup beiny created an|
then asked to enter definition of Aall alditional sensors in the
stb jroun.

A correlation coefficient is innut for each sensor qgroup. In
stibsequent calciilations, the retection prababilities are calcilated
usiiy the correlation number to interpolate linearly hetween complete
correlation ani1 complete independence of the sensors in the group.
specifically, if p(i) and p(d) denote the prohabilities of detection
ass'imingy complete indepeniance and comnlete correlation, respectively,
thea the prohahility of detectinn for the jroup with cnrrelation number
r is p = (i-r) p{i)+rpC1).

When all sencars in the subgrorp have been innut, the proqgram will

nronnts

ANOTHER COPY OF SURGROUP IN GROUP (Y DK Ny Y
ENTER GROUP CORRELATIOMN (RANGE N=113): ,5

The jroup correlation grestion is only asked it the subgrain  consists
of nne sensor. If the sibjyroiup consisted of more than one sensor, this
question wounld have beaen answered nprior to entering the nAarameters of
the secnnd sensor in the sih3roanin,

[t a copy i{s to be maije, the program will nrompt:

ENT=R INITIAL X,Y COORDINATES (nm) FOR FInST 5FENSOR
COORNINATE PAIR: 0,15

The tirst defined sensor in a subaroup becnmes the "kingypnin® for that
SUH Jroup. All subsejuent subgrouns are olacei relative to the
conoriinates of the new position nf this tirst sensor,

After all copies of the sihgroup have been maije, the entire arouo
nay oe copied followingy the promnt:

ANOTHER COPY OF SURGROUPR N GROIP (Y OR N)t N

The creation ot new capies of Jrouns is similar to subjgroupss




MAKS AGOTHER COPY 9F THIS GROUP (Y OR N)Y: Y
ENTER THITIAL X, Y COORNINATES (nm) FOR FIRST SEASHR
COOINIIATE PATR: =1D,5
MAC: AGDTHRER COPY OF [HIs GROUP (Y OR N)s [
ihen groan ecopying is  done, the progran returns ton the sSensor

detinitinn (startingy a new subjroup and yroup),

M You JAHT TO DFEFTNY MORE SENSHRS (Y 02 D N

Tha answar of 447 tn the abave promnt  completes constriuctioan ot
the sensor  file at time sten zern, The sonsor file is completed nsin.
notinn [STEP to aivance it and ontinsn 'JSEN to modity parameters aither
1t time  sten Vonr  later, Shaotar Vo contAains  aAan aexamnle of the
raciirsive use »f TsTE? and 558 to complnats tha definitiosn »f a4 sensor
fil>.

The comdnsition of seasar Jroigns can he  Alterad  in JSEN, Th~
Absver procedirs narmits  grouns  to ve comnosed of copies of oanly on:
tysr of subjroup. A more cnmslex groun structiure can  be  obtaineyt by
forning temnnrary  jroupinjgs in [HIT and then comhining them intn nane
jvorty using Us<He As far as the pregram Inaic is  cancaerned, distinet
Iroas Yave  distinet  identification numners  (listed in L3EN), This
nimber can Hhe chanjed as fesired in JSEN,  In narticrlar two Jrotps can
be combine !l by ;iving them the same Jroun aumber or a sinqgle Jroun  may
ne shlit hwy  qgiving part af the sensnars 3 distinct arogan namher.  See
Chanster V for 2an examnle of coanining gronns.,
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TAS Eile-—Target File

Target file narameters dascribe the position, course, and sneel nt
a tarqget and also its varinus rafiated nnise levels, Entries arn
inttially male for time step O ani then the T3TEP and UTAR ontions ar=2
tise! to expand the taraget file tn incliie information ani descrine  tha
anprnach tactics at a¥iitional time stens,

Tarjet filas are named [ARGOL, TARGN2, ceey TARSDO, p ot 90
tarjet files mnay e storai an jisY similtanentsly an! multinle tarjer
tiles may ve loaded intn the nrojram at onz time, The rnser spaecifies 7
numher for each tarcet file he wishes tn lnad,

iy, i)

" AR A
Tl A

ENTER TARGET FILE No. (1= 00): |

R Bl ot

Here the tser specified tarjget file number 1., [f there 1s nn file
TAR3N1 in the user’s lirectory, tha progran will orovide tThe following
nroanats to create the time zaro {ar ot file:

ENTER DELTA T (hrs)s 220
FATHR TARGET [Lanlils [ARG[#1
ENTIER THITIAL TARGET 0002 ((,Y) (nm)s 0,20
ENTER INITIAL TARGET SPA PARAUETERS
D SIG wv=UAJ AXTIS S=-YTH AXTS(nm) , BRG OF A0 e ) 5,0

ENTER TARGET 4O TON PARA{STHE Y

TARGET VEL CHANGE RATE (#/Mri)e |

MEAN TARGET 3PHEED (kts), HADING (deq)t [0, 130

STANDARY) DEV N TARSGET SPEED, HEADINS: .5
ENTER TGT HOISE INDEYX AND THVvEL (dh)(N=)1 135
FNT:ZR TGT HNOTSE INDEX AN THvEL (dn)(0=): 2
ENT=R TARGET FILE Mo, (1= 99): 2

22

Her > DELTA T 1is entered in hotrs, fhe '1ser  will int  Ha3ve tn  onter
NELIA T {f a sensor file has naen loadaidt the [ TA U aasaciata ! with
the sensor file will »e 1use i ani this oHronet will not Anear, Tho

YELTA T entera{ here must be the <ame &g that i any sensor fils
defiaing a scre2en which this tarjet {s tn 3nopraach.,  Wien the anproach
is tn »a evaliuated, the sensor file and tarset fife mist he loadfed
cnntirrantly, nd then the projran will refuse to load "nyv taret file
with OELTA T different from the one in the sensor file. The 13he] fnr
the tarjet will anpear in LTAK listings and c¢an be blanl,

The initiil position (SPA centar) »f the tarqget i< ontere ! i nm,
Next is anterai the tarjyet LPA paranetorsr  the “-signa seminaior axis
len,th in am, the 2=gig1a senimincr axis ler bt i noy, At thae Ay ie
tha majnr 1xis in deqgrecs clockwise froo nnrth,

The target motion parameters  Ara  antare ! noavt, “irst ia tho

- -
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exnacted number of times the target will change velocity in one hour,
The aext parameters are the target speed in kts and the target headinqy
in degrees clnckwise from north. The final tarqget motion parameters
"are the standar{ deviations in tarjet speed and heading. Speed Aand
headiny ara assumed tn» he normally distributed so that the mean and
standarl deviations cnompletely specity their distributions,

The final set of inputs are indexed target radiatad noise levels
in (o) units. Up to 10% of these may be input. The sensor file will

contain a noise index indicating the target noise level it is tryinqg to
det :ct.

As with the sensor file, this completes the definition of the
tar;et tile st time step zero, The rest of the approach tactics Aare
entared usinjy optinans UTAR and TSTEP, described in Chapter III, as
illustrated in Chapter V.

Exit from tarjet file construction is made by enteriny a zero
taret file number. The SCREEN projram then requests the specification
aof output device and then proceeds to the mAin option table,
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CHAPTER V
SAMPLE SCREEN PROBLEMs DATA FILE PREPARATION

_i.
i
!
1
i
3
|
i

This chapter gives the sequence of steps involved in settiny up a
screen problem. The screen of this example protects a carrier, The

scrren consists ofs

4 sirtace escorts which use active sonar,

16 sonowiioys in two flanking tields ot eight sonobtuoys
esach. The sonohinys are narrowband passive processors.

3 Submarine escorts nlaced forty miles ahead of the CV and
fifty miles abreast. Each suhmarine has 3 narrowbhand

passive and broaihand nassiva nrocessor.
Thr=2 noise indices are used in this examnples

Narrowband passive (detected by the sonobtinys and SSNs)

Broadhand passive (detected by the SSNs)

N
"

Active TAarget strength (detected by the Surtace Rscorts).

(%)
[}

The sonobunoy and submarine narrowband detection are assumed to bea
against the same radiated noise level,

- 30-
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Environmental File Definition

Tha PROP file for the example is ‘defined in the fnllowinjy session,
The identity of the indices for the propagation and contour tabhles is
as fnllnws:

Prou_Index Contour Indasx Idantity
1 | SSN narrnwhand sonar
2 2 Sonobtioy nAarrowband sonar

3 3 SSN broardhand sonar
5 5 irface active sonar

Comnantary on the inpit sequence is jiven following the input.

D3, 253 SCREEN

SNTER ACHUSTIC DATA FILE N, (1=90)s 2

EMTEQ PROP [OSS CURVE No. (1= 1Nn)s |

ENTER THE P02 LOSS CURVRE LLABRLS DDCZ _n.0,. SSN
AMIIENT NOISH (db) & A9Q

FITRR RAIGE (nm) , PROP LOSS (db)  PAIRS
(RFANTER PROP 1LOSS =200 TO DELETE RANGE ENTRY)
(CAT=? 2ENDZ TO POP OUT)

DATA POINT: 1L,.04

DATA ON)INTs 5,85

DATA BPOINT: 1,81

ceseees (Nata pnints omitted for hrevity)
PAIA DOINT: SEND

ENTER ART., SOURCE LEVEL AdD DELT RD FOR REVERB(dh)  (N= Exit)
.5 (dn) AND PELTRD: 0O

This nropagation lnss cirve 1s tor the narrowband SSN sonar, The
sym™inl 274 meansst receiver s deep, the soirce is deep and the
curv= s for a3 c¢onverqence zone environment. This desination is
prirely fnr the convenience of the program user and has nn significance
tn the nrojram nperation.

ENTER 2RIP LSS CURVE NO. (1= 10): 2

ENTER TH= PROP LNSS CURVE LA3EL: 9DCZ n.9h. Buoy
AMITENT NOISE (dn) 8 54

E4TER RANGE (nm)  PRIP LLOSS (1h)  PAIRS

(FATER P02 LLOSS =20Nn T MELETE RANGE SNTRY)
(S4TER 2ENDZ TO P0P OUT)

PATA POINTS | .63

PATA POTATs 4.8%

eeseees (Nata pnints omitted for hrevity)

PMALA POTNTs SHND

SITER ACT. SOJURCE LEVEL AND DFLT RN FOR REVERB(dAh) (N= Exit)
L35 (dh) ANPD DRELTrD: 0

This pronajatinn lnss curva 1{s tnr the narrovbhand sonnbuoys, The
symhol ’/5NC77 meanst receivaer is ghallov, the sonurce is Jdegep And the
curve {5 for a gonverqge:ngce zone anvironment.

E
!
}
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ENTER PROP LOSS CURVE NO. (1= 10)s 3

ENTER [HE PROP LOSS CURVS LABELs DDRCZ b,b, SSN
AYBIENT NOISE (db) &t 40

ENTER RANGE (nm) , PROP LOSS (db) PAIRS
(ENTER PROP LOSS =290 TO DELETE RANGE ENTRY)
(ENTRR ZENDY TO POP OUT)

NATA POINT: 1,.63,

DATA POINT: 2,,70,

esssses (DAta points omitted for brevity)
DATA POINTe® EHND

ENTER ACT. SOURCE LEVEL AND DELT RD FOR <EVERSB(dn) (0
L3 (d») AND DELTRD: 0O

Exit)

This nropajation loss curve is for the SSN hroadhand sonar, The
symool /DNCZ’ has the same meaning Aas In crrve one Aabove,

ENTER PROP LOSS CURVE NO. (1= 10): 5
ENTER THE PROP LOSS CURVE LABELt SDCZ _Act. Surf.
A43TENT NOISE (dh) s 40

ENTER RANGE (nm) , PROP LOSS (dh) PAIRS

(SITER PR0P LOSS =200 T0O NELETE RANGE ENTRY)
(SNTER 22ND’ TO POP OJT)

DACA POINT® |,,63,

DATA POINTS 9,,97,0

DATA POINT® 5,0,95,

DATA POINT: [,0,101,

DATA POINTS 27,0,115,0

DATA POINT: 30,.92.

DATA POINT: 32,.113.

DATA POTIT: 32,7,03,

PALA OOINT: END

ENTER ACT. SOURCE LEVEL AN DELT RD FOR REVERB(dh) (0= Exit)
LS (db) AND "ELTRD: 230,-20

EN[F: REVERB CURVE LABEL: Active Surface

ENTER RANGE (nm) , REVERB (db) PAIRS

ENTER REVERB =200 TO DELETE RANGE ENTRY

ENTER ZEND’ TO POP OUT

DATA POINT: L.50

MIA POINTs 3,40

DATA POINT: 5,10

DATA POINT: [0,0

DATA POINT: END

ENTER PROP LOSS CURVE No. (1- 10)s 0

This pronajation loss curve is for the surface escort active
sonar. The symbnl Z2SNDCZ’ has the same meaning as in curve two. Sincge
the highest range value entered is 32 miles, the propajation loss curve
is truncated at this point. There is nno active detectinn capahility
neyasad 32 miles,

Enteringy zero (1) opropajatinn loss curve numhar Adirects the
pro;ram to the aspect contour inputs.

VR e
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: ENTRR ASPECT CONTOUR N, (1=20)t |
! ENTER THE ASPECT CONTOUR LABEL: n.he Line Array
; ' ENTER DIRECTIVITY INDEX (4b) & 10
ENTER HEARING(deq), DELTA SELF=NOISE(dh), BW(+-3dh) TRIPLES
¢ (CNTER 2=ND¥Y TO )
g (ENTER NELTA SELF=NNISE = =101 T NDELKTE ENTRY
g PATA POIHT: 20,0,6

DATA POINTS [05,0,6,2

DATA POINT: 120,0,6,9 .

cesssss (Data points nmitted for bravity)

DALA POINTS SHD

ENFER REFERENCE 3EAMWINTH (+=3 db DOIN)s 6

FNTER SE.SIN.BRGRELACL.TIME (min)s =10,15,30
FMTEDR SE,SIG.3RG,RELAXLTIME (min)s 10,3,15

EV[FR SE,SIG.3RG,RELAX.TIME (min)s 0Q,6,15

ENTER 5E.SIN3RG RELAXTIME (min)s END

ENTER SE, SI5.RANGE (yds), RELAX.TIME (min)s EHD

i

This is the contoir definitinn for the SSN narrowhand line Aarray.

SNTK 2 ASPHECT CONTOUR 10, (1=-20)s 3 »
GNTHR THE ASPECT CONTOJR LASELs bl.be Hull Passive ’
CUrER DIRRCTIVITY INMEL (do) 3 30 A
CHTER AEARING (de)y MILTA SELF=NOISECiIn), BW(+=3db) TRIPLES ‘
(RNTER 2aND2 TO P02 OJT)
(FUTER DELTA SELE=NOIsH = -190 To DELETE ENTRY 1
DATA POIATs 2,0,5 |
PATA POTITs L[20.0,.5

NATA POINT: 240,0,5

PATA POTNTs 150,80,0

NDATA POINTs 210,80,5 ;
DATA POTHTS END

ENTER REFERENCE SEAMNINTH (+=3 dh DOWN)s 5 j
EVFER SE(SIG.3RG,RELACTIHE (min)s =10,2,30
ENTER SE.SIG.3RG,RELAX.TIME (min)s =8,1.5.10
FUTER SE,SIG.3RG.RELAX.TIHME (min)s Qalaal.5
SNTER SF,SIG.BRGGRELAXTIME (min)s [0,,5.3.5
ENTER SE,SIG.BRG,RELAX.TIME (min)s END

EdTHER SE. SIGL.RANGE (yes), RELAX.TIME (min)s END

- V < -

This defines the contnurs for the 5SN broadhand array. The large :
?salt nnise’ oetween relative bearings 150 ani 21N renresents the !
haffles area of the sonar. The haffles are inserted hetween the aAarray ;
and the ship to shieli onut ship noise, The eftect is to make |
Jetectionsg in the haffle reqginn nearly impossible. l

EITER ASPERT CONTOUR HO., (1=2M)8 3

CITER THR ASPECT CONTOUR 1LABEL® Act, ourf. Hull

CHTER DIRECTIVITY INDEX (db) ¢ 30

SR BRARING(dey), DELTA SELF-NOISE(db), BW(+-3db) TRIPLRS
(FNTSR ZENDZ TO 20OP OUT)

(E4TER ™LTA SELFE=NOISE = =190 To [DELETE ENTRY

R TT—

o I




DATA POINT: 3,0,10

PATA POINT: 120.0,10

DATA POINTe 240,0,1N0

DATA POINT: 150,30,10

DATA POINTs 210,380,110

DATA POINT: END

ENTER REFERENCE BEAMWINTH (+=3 db DOAN)s 1N

ENTER SE,SIG.3RG,RELAX.TIHME (min)s =]10,15,30

ENIER SESIG.BRG,RELAA.TIME (min): =H,8,10

ENTER SF.SIG.3RG,RELAX.TIME (min)t 0,6,7,5

ENTER SFE.SIG.3RG,RELAX.TIME (min)s ]0,4,3,5

EMTER SE.SIG.3RGL,RELAX.TIME (min)t END

ENTER SE. SIS RANGE (yds), RELAX.TIME (min)t =]N,750,20
ENTER SE., SIG.RANGE (yds), RELAX.TIME (min)s 0,250,110
ENTER SE, SIG.RANGE (yds), RELAX.TIME (min)t [D,100,3
ENTER SE, SIG5.RANGE (yds), RSLAX.TIME (min)e END

This :defines the contnurs for the active sonAar. dnte that for
active sonars the contorirs for ranje si jna and lambda have meaning,

ENTER ASPECT CONTOUR #0, (1-27)t 2

ENTER THE ASPECT CONTOUR LABEL: n.b. susy Pass omoi
ENTER OIRECTIVITY INDEX (db) & 0

ENTER BFARING(de3), DELTA SELF=NOISE(4n), 3W(+=-34n) TRIPLES
(SNTER ZEND? TO )

(ENTER DELTA SELF-NOISE = =199 T DELETE ENTRY

DATA POINTs END

ENTER REFEREVCE BEAMWINTH (+=3 dh NOAN): Q

ENTER SF.SI5.3RG,RELAX.TIME (min)s END

EVTER SE, SIG.RANGE (yds), RELAX.TIME (min)t END
ENTER ASPECT CONTOUR NO. (1=-20)t 9

The last contour definition is for the nassive sonobtioys which Are
omnidirectinonal. Since the defanlt contonr values 1lead to An  omni
sensnr which is ambient noise limited, it is unnecessary to enter any
val'ies except directivity index, which is of course zero.

By exercising optinn LLOS and LCON, it {s mossipnle to {isplay tha
contants of the PROP file defined ahove. The outout is shown in the
tfollowing figures.
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Note that the plotted value in the reverberation curve, Fiqure V-5, 1is
the algebraic sum of the input reverheration and the Aelta recongnitinn
ditterential for the reverberation limited case.




TSGR, - -k weher it ukS s B

faniht Akt S

ELGURE V=6
ASPRCT CONTOJR No. | n.b. LLine Array
NDIRECTIVITY INDEX= 1N

TRFLTA LN=MDT (1)
D )+ dekkk . . . . . *ok %
t.O+
I o3+
I 71+
| «O+
.o+
[N 4+
1.
.
]
1

.I+
N4+, * . . . . . *
Y, 04+
)af“"
BWAS
VLAt
()55-’.
.4+
), 3+
V.24
N, 1+
D O+, de-le Fe A e ok sk Ao de ko Kk e ek Ak ek ok ek g ok ke b ok ek e ok e ok o ok ok ek ok e ek ok
R N e R AR A R R s S IE T T ST
N an 12N 13N 240 3NN 3AN
RELATIVE 35ARING (DRGREES)

This contoir indicates slijhtly mnore self-noise in the direction of the
towing siomarine,




EIGURE V=17
REA4WI NTH

£d% 4 s b

(NDEGREES)
18,4+, * . . * o, * o . *
46,4+
14,+ * *
12 .+ * Kk
E AN, + * *
: 8.+ :
36, +% * * ok i
34, +
32.+
3N.+ * *
?(3."‘. . . L4 .
26+
: 24,4+ * *
Y 22,.+
i 20, +
: 13.+
16, +
14,+
12.+ * * * *
1n,+ Jk * * Jode
3.+. ok, . Tk . *k . kK
G4+ Je e e e ek e e ek e Jek deok ke k ok ok ke dkk
+!+++++++++!+++++++++!+++++++++!+++++++++!+++++++++!+++++++++!
9] AN 120 180 240 30N 360
RELATIVE 3%ARING (DEGREES)

S W

PR LT

RO SRUIVEPUTRA PP N o)

PRI AP

This beanwidth contour for the line Aarray has the smallast heams
nerpandicular to the array and larjer ones on the ands.




EIGURE V-4

SIGMA BEARING 0,
REFERENCE BEAMWINTH

L]

(MGREES)
15,N+, * . . . . .
11D+
|4 ,N+ *
3.5+
13.0+ *
12.5+, . * . . . .
12,0+
li.9+ *
1i.N+
1.5+ ~
l ).r)+. L] L) » L] L ] L]
Q.H+ *
I .0+
DN+ *
5+ *
/.5+. ] L] L] . . *
1.0+ *
5.5+
9 e+ *
YD)+ *k
NN+, . . . Kk, . .
1.H+ *
1.N+ Yk
3.5+ *d
1,N+ Fede % ek
RS T AR T TE R TRFYE T EY Ty ey
-15 =1n -5 n 5 1N 15

SE

et ke ~IBE

[




EIGURE V=9

LA4BDA 3EARING Nn, |

CAINUTES)

3.0+, * . . . . .

29.5+

;2000+

23.5+ *

23.0+

?I.5+Q L ] L] o L ] . L]

21N+ *

25.54+

250+

25.5+ *

2130()+. L] . * [ ] L] L]

24,5+

24,0+ o

23.5+

23.N+ .

22.5+, . * .

2204+

21 .5+

2] .0+ *

27.5+

2~).0+. [ [ . . . .

19.5+ *

10,0+

] 3.N+ *

l l'5+. [ 2 . L] L ] ® .

1 7.0+

5.5+ *

15.0+

195.5+

19.N+, . . e Je e Jode Je e dede Feok K Aok

R A Y IR T Y Ay YL

-15 -0 -5 N 5 10 15

P )

l - N3~




N AT RvT

ELZURE V=19

ASPECT CONTOUR NoO, 3 b.b, Hull Passive
DIRECTIVITY INDEX= 30
IFLTA LN=NEI (D3)
30, +. . . e s de ke ek . .
/5.+
¥ In.+
* 95,4+ * *
N+
-)50+ I
9D+ * * ;
15,.+ :
lno*
;5.#
3N+, . o« * . * . .
N, + 1
15+ * *
1N, +
5.+
N, $hddedebdbid ik rid ity de e e bk ke ok sk kb b ok
RS AR R L A A N e Ty
n 6N 12N 130 240 300 36N i
RELATIVE JEARING (NESREES)

This self=-nnisa contour models the bnhaffla area on the hull Array by
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laitial Sensor Filz Definition

The following sequence of operations define the sensor screen,
Comiantary on the input sequence 1is given following each block of
input.

0K, SES SCREEGH

ENTER ACOUSTIC DPDATA FILE No, (1-99)t 0

ENTRR SENSOR FILE NUMBER (1-99)s 1

EITRER SRHNSOR FILRE NAMEsA TYPICAL 3SENSOR _SCREEN
ENTER START DTG (DD HH, M) N,N.0

FHTYR DELTA T (hrs) 3,25

EULER INITIAL PIYM COORD (X,Y) (nm): 0,0

ENTER INITIAL PIM SPEED (kts) ,{FADING (-feg)s 20,0

Nnote that no acoustic file 1is neesded to set up the screen
formitinn. The wvalues of DELTA T and PI¥ are chosen for convenience,
Senarally, NDELLTA T will ne selected to sten the proolem in small enorgh
time intervals to provide sufficient flexibhility in lescribhing the
sensor Ind tarjet tactics, e.7.., Colirse ani speed chanjes, sorint drift
cyclas, sonoh'loy replacement, eatc. There is nn need to he cnncerne
about tine steps that are too larje and nermit a target to Zjump’ over
a =7. The relative target sensor mntions during detection an-id

localization evaluation are subdivided so that no pnint on E)
propajatinng loss curve is skioped over, As noted, 214 speed is 2N
knnts,

EITER THE HVJ No, (1= 5)t 1

ENTE=: [H= HVi) LA3EL (ENTER $$ TO DELETR): CARRIER (CV)
EAVER HVU INITIAL CHONRDIVATES (nm): 0,0

ENTER VU SOURCE INDEX AND LEVEL (db)(N=Exit)s ],165
ENTER VU SOURCR INDEAL AND LLEVEL (db)(N=Exit): 2,120
ENTER HVU sSOJRCE INDEX AND LEVEL Gib)(N=Exit): 0O

ENTE® TH= HVJ No. (1- 5): D

Th2 HVI) is Aarbitrarily set at the PIM nposition, The cAarrier
provides noise interference At each of the two passive nnise indices,
bt ot At the active index.

M YOU WANT TO DEFINE 4ORE SENSORS (Y "R N)s Y

F4[FR SENSOR LABEL, ($$=NELETE): Surft, Act., Escort
F'ITER TYPE OF SENSOR (P, A, L. 0)2 A

ENTER INITIAL CONRDINATES (X,Y) (nm)t 5.5

ENTER 3PSED (kts) AND HEADING (dey)t 20,9

EULER NOISS RN AN[ MEAN SELF-NOISE LEVEL (db)t 10,25
ENTER SEN SOURCE INDEX AND LEVEL (1b)(N=Exit)t },.}50
ENTER SEN SOURCE INMEX AND LEVEL (db)(N=txit)s: 2,115
EMTER SEN SOURKCE INDEX AND LEVEL (db)(N=Exit): 0O
CHTER PL NO.., ASPECT NO..TGT 'OISE NO.t 5,5.5

ENTER LAYBDA (#/hr) AND SIGMA (db)s 2,5

ENTEYQ SCAM TIYE AND IMTRGRATION TI4E (minds 10,3
ENTER PROBASBILITY SENSOR IS AVAILABLE(RANGE N-1)t ,8

W e . - — e A a8 e rereweam. P
P " ]
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The active PL,etc. are all index % (purely for convenience),

MORE SENSORS IN SUBGROUP OF GROUP (Y OR N)t N
ANITHER COPY OF SU3GROUP IN GROUP (Y OR N)s N

MAKE ANOTHER COPY OF THIS GROUP (Y OR NYt Y

ENTER IMITIAL X,Y COORDIHATES (nm) FOR FIRST SENSOR
CONRNINATE PAIR: 5,-5

MAXE ANOTHER OPY OF THIS GROUP (Y OR N)i

ENTER INITIAL X.Y COORNDINATES (nm) FOR FIRST SENSOR
CHORDINATE PALIR: =5.5

MAKE AHNNTHER COPY OF THIS GROUP (Y DR N)t Y

ENCER INITIAL X,Y COORDINATES (nm) FOR FIRST SENSOR
CHOORNINATE PAIRt =5,.-5%

MAKE ANOTHER COPY OF THIS GROUP (Y OR Nyt N

DO YOHU WANT TO DEFINE MORE SENSORS (Y OR N)s N
ENTER TARGET FILE NO, (1= 99): 0O

ENTER FILENAYE FOR OUTPUT (C for consolel): C

The first sensor has heen copied in each of the remaining threa
surface escort locations. After defining the surtace escarts the user
daciled to exit without loadingy a target file, Recall that a SENS file
can ne astablished either in INIT or in UJSEN (at time step 0). In this
evaniyle, the rest of the file will be estavlished in U3EN. In the last

statament the aser has specified that all output would apnear on the
t1ser terminal.

SELSCT 40ODE CIELP GIVES LIST)Y: USEN
ENT:R KEY (14 GIVES LIST): L

PICi KEY N TO 4, 0=EXIT |=NAUYE TIME

2=PIM  3=HVU 4=SEN
ENTER KEYs 4
N YNOJ JAANT To DEFINE MORE SENSORS (Y OR Nt Y
ENT=R SENSOR LLABEL, ($$=DELETE)t Qmni Sonabtuoy
ENTZR TYPF OF SENSOR (P, A, L, O)s P
ENTER INITIAL COORNDINATES (X,Y) (nm)s =20,20
ENTER SPFEED (kts) ANND HEADING (deg)s 0,0
ENTER NOISE RN AND MEAN SELF-NOISE LEVEL (bh): 5,0
ENTER SEN SOURCE INDEX AND LEVEL (1dh)(0N=Fxit)s Q
ENT=R PL NO., ASPECT NO.,TGT NOISE NO,t 2,2.1
ENT:ZR LAMBNA (#/nhr) AND SIGMA (4b)s | ,9
ENT:R SCAN TI4E AND INTEGRATION TIME (min)t ]|,5
ENTER PROSABILITY SENSOR IS AVAILARLE(O=-1)t 75

This defines the “kingpin’ sonohuioy of the left (port) flanking
s onovtlIoy fielAd. The sonobuny 1s stationary 1in the water and
affaectively ratiates no noise. Noise inidex one (1) is assigned to the
narrowband treqiency which the sonoouoy detects,
MORE SENSORS IN SUBGROJP OF GROUP (Y Nk M)yt N

The vartical row of four huoys is Jdefinerd as a 3roup for purposes
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nf constructing the fields, This group definition will h»e changed

nelow,

ANOTHER COPY OF SUBGROJP IN GROUP (Y OR N)t Y

ENTSR GROJP CORRELATION (RANGE 0-1): .5

ENIER INITIAL X,Y COORDINATES (nm) FOR FIRST SENSOR
COORDINATE PAIR: =20,15

ANOTHER COPY OF SUBGROUP IN GROUP (Y OR N)t Y

EN[SR INITIAL X,Y COORDINATES (nm) FOR FIRST SENSOR
COORDINATE PA[Rt =20,10

ANOTHER COPY OF SUAGROUP 14 GROUP (Y O Nyt Y

EN[SR OINITIAL £.Y COORDINATES (nm) FOR FIRST SENSOR
COMIMINATE PAIRT =20,5

ANIITHER 0OPY OF SUBGROUP 1 GROUP (Y 0R )t U

MACS ANOTHER COPY OF THIS GROUP (Y DR "Wt Y
SN{ER INITIAL X,Y COORDINATES (nm) FOR FIRST SENSOR
COORDINATE PAIRT =17,5,17.5

YAKE ANOTER COPY OF THIS GROJP (Y OR W)t Y

ENTSR INITIAL {,Y COORDINATES (nm) FOR FIRST SENSOR
CONIDINATE PAIRt 7,5.1 /1,5

YAKS ANOTHER COPY OF THIS GROUP (Y OR H)t Y

ENFER INITIAL X,Y COORDINATES (nm) FOR FIRST SENSOR
CONNINATE PAIR:T 20,20

AAK 3 ANOTHER COPY OF THIS GROUP (Y OR W)t N

N YOJ JANT T DEFINE 40RE SENSORS (Y OR N)t N

PICK K=Y 0 TO 4, N=EXI[ 1=4AYE TIME
?=PIM 3=HvV] 4=SEN
EN[ER KEY: 0

The vertical rows of buoys are conied in all of the rnw
using the conrdinates of the kinapin tn lnacate the 7jrouns.

of this may be shown in a call to LYEN it esired.

ENTR KEY (14 GIVES LIST)s |1

ENTHER SENS WNO.. GROUP NO.t Q2,5

ENT <R 5R04P CORRELATION (NEG IS NO CHANGE) s
ENTZR SENS NO., GROUP NO.: 10,5

ENT=R SROUP CORRELATION (HNEG IS N CHANGE)s
ENTIER SENS NO.. GROUP MOt 11,5

ENTER 3ROUP CORRELATION (NEG TS NO CHANGE) @
ENTHR SENS NN., GROUP NO.t 12,5

ENT=R SROUP CORRELATINON (IEG IS NO CHANGE)
ENT:IR SENS NNO., GROJP MNO.s 17,13

ENT iR SROUP CHORRELATION (HET 5 NO CHANAE) ¢
ENT=R SENS NO., GROUP 0.t 143,13

ENT:2R 6ROUJP CORRELATINN (HES IS NO CHANGE) @
ENT=R 3ENS NOL, GROUP 4.t 19,13

ENT-1 3RO CORRELATION (NES 1S HO CHANGE) s
ENTER SN NO,, GROJP NO.s 20,13

ENTZR SROUP SORRELATION (IEG 1S NO THAWNGE) @

EEREREREEERR

T TP

T L/ AN

nositions

The resnlt
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ENTRR SEMS NO,, GROUD MO,t 0

This session is 'i1sed to redefine the sonobiiny Jroupings, Fach
flanving field 1is considared to he a gqroip, The sensor number of the
kinypin is (arbitrarily) selected as the groip number. Any number {s
acceHrtahle as a  jroup identification -- the only reguirement is that
all ;roun members must havae the same identitication Tha negative 1nput
for jroiup corralation means that the existing value is unchanqged,

Hext, the submarine escort sensors Aare ‘lefined.

ENT7q X5Y (14 5IVES LIST): L

PINK KEY O TO 4, N=EXIT 1=NAYE TIMS

2=pId 3=HvJ 4=SEN
CNT3ZR KEY: 4
DO YHJ YANT T) DEFINE “0ORE SENSORS (Y OR N)e: Y
ENTRQ SENSOR LABEL, (S$S$=DELETE)s $5d_Narraowhand
FENTER TYPE OF SENSOR (P, A, L, 0)3 [
ENTZR INITIAL ZOORDINATES (X,Y) (am)s 0,59
ENTER 3PFED (kts) AND HEADING (dej)s 10,0
ENL IR NOTSE RD AND MEAN SELF-NOISE LEVEL (d4b)s [5,30
ENT<R SEN SOURCE INDEX AND LEVEL (db)(N=Evit)s 1,130
ENTER SEM SOURCE INDEX AND LEVFEL (49 (N=Exit)® 2,105
ENTER SEN SO'IRCE INDRX AND LEVEL (dbh)(N=Fxit): Q
FNT<R PL NO., ASPECT NO..TGT NNISE NO.t J.1l.1
ENTSR LAMBDA (#/hr) AND SIGMA (dh)s 1,5
EICIR SCAN TIME AND INTEGRATION TI4E (nmin)s 5,5
FITZR PROSASILITY SENSOR IS AVAILABLE(N-1): ,95
YHE SEASHRS [N SUBGROUP OF GROUP (Y OR Nt Y
ENTER GROUP CHORRELATION (RANGE N-1)t ,2%

ENTIR SEN3OR LABFEL, ($3=NELETE)t SSN_Broaiband
ENT=Q TYPE OF SENSOR (P, A, L, 0)1 P

ENTER INITIAL COORDINATES (X,Y) (nm)t 0,50

ENTER SPREN (kts) AND HEADING (deg): 10,0

ENTZR NOISE RD  AND MEAN SELF=-NOISE LEVEL (ib)s: =10,10
ENTER SEN SOURCE INDEX AN LEVEL (d4h)(N=Exit): Q

ENTHR PL NO., ASPECT NO.,TGT NOISE NO.t 3.3.2

ENTER LAM3DA (#/hr) AND SIGMA (4b)s 1,5

ENTER SCAT TIME AND [INTEGRATION TIME (min)t L'

ENTHR PROSABILITY SENSOR 1S AVAILABLE(OH-1)3 ,O

MORE SENSORS [N SUBGROUP OF GROUP (Y OR N)t N

AN)ITHER COPY IF SUBGROUP IN GROUP (Y OR N)t N

Thase two sensors define the SSN escort sensors. The narrowbhani
sensnr 1s A line Aarray, which detects the same frequency Aas the
sonoyioys.  The broadband sensor is hull mounted and oparates against
noise index two, The bronadband sensor has the same lncation as the
narrowhand sensor since it is on the same nlatform. No noise |1is
fatied for the broadband sensor since the plattorm’s radiated nolse
shoil4 be defined anly once tnr each platform (otherwise the progran
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411l treat each sansor on the platform as an independent noise source).
[he two seansors are slightly correlated (.25).

AAKZ ANOTHER COPY OF THIS GROUP (Y OR Nyt Y

ENTAR INITIAL XL Y COORNDINATES (nm) FOR FIRST SENSIOR
CNOLNINATE PAIR: =50,40

MAK S ANOTHER COPY OF THIS SROUP (Y OR Nys Y

ENT=R INITIAL X.Y COORDINATES (nm) FOR FIRST SENSOR
COIININATE PA[R: $0,40

MACH ANOTHER “0OPY OF THIS GROUP (Y OR D)t Y

N vod NANT T DEFINR MORE SENSHORS (Y oR e

PICK KEY N TO 4, N=EXIT 1=NAME TIME
2=PpI4  3=HvlU 4=SEN

ENT=R KEYS 0

ENT TR KRY (14 GIveEs LIST): Q

The remaining SSNs ar2 conias ot the center S3NH, ilote that all
SSMN5 are  movingy At 1N knots, This means that they will lag PI4, ani
reqiiire a sprint to catch 1p at some onint in time, The slow spaed is
nec2ssary to ohtain gnol search coverajge,

At this point we will list the sensnrs with a call tn [L53%V tn see
what has h»een accnmplished thiys tar,

dhd bhdbdhhdbtdtbhdtdhhth il thtdi

SELECT 400k (HELP GIVES LIST)® LSEN
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duil iing the SENSOR Efle in_Time

At this point the sensor screen is defined at time step zero., The
scr=en definition will have to be updated as time passes, nr else the
configuration will not make sensa. The sonobhuoy fields are stationary,
ani must be replaced periodically, and the S5Hs cannot maintain the 1N
“not search sp2ed, or else they will he nverrun by the main hnady of the
scra2n. Thus we must tinesten the screen and undate the cnnfiguration.
Ae will now indicate how this is <done, Since the steps Aare highly
renatitive, only the outline nf the procediure is given,

Screen_contiqgurations.The S3Ns must retain their average positions
relitive to PIM, This is achievel by a sprint-and-drift tactic, For
this example, the tactic consists in making 10 knots and 30 knots on
alternate lejs, which averajes nut to the PIM speed of 20 knonts, The
centar SSN and the flankinj 554s will he nn alternatae cycleas, When the
3SHNs are sprinting, they are ’blind’, i.e. the sensors are turned off.

The sonohioys Are assimed to remain active for 1.5 hours (6 time
steps) 3 relaszing of the field takes half an hour (2 time steps)., The
port and starboard fields will be laid alternately.

These considerations lead to six Jistinct screen confiqurations,
as shown in the followinj table,

creen Configurations
Confijyiratnn Flankinjy SSils Center SSN Port Buoys Sthd Buoys

10 sprint Search Search Search
20 SeAarch sorint Search Search
1 sprint Search Relay Search
21 Search S5print Relay Search
10 sprint Search Search Search
20N Search Sprint Search Search
12 Sprint Search SeAarch Relay

22 Saarch Sprint Search Relay

The screen alternates throiugh these confiqurations {n sequence,
startiny with configuration 1N at timesten zero. The configuration
nunoe2rs are arbitrary,

Thr SCREEN program creates a sensor file with these alternating
confi-piratinng Hhy timestenning one step at a time and nsing USEN to
re=contigure tha screen at each step. The procediure is renetitive, bt
aasily done by ‘1se of tha COAI option with existing command files for
each of the configurations. We will show the first three timesteps to
illustrate the nroce-ure,
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SELECT MODE (YFELP GIVES LIST): USEN
ENCSR KEY (14 GIVES LIST): 5

ENTZR SEN3SOR NO.,5PEED (kts), AWND HEADING (Hen)t %,0.,9 1
ENT=R SENSOR NO.,SPEED (kts), AND HEADING (dey)t 6,0.0
ENTER? 35ENSOR H0W,SPEED (kts), AND HEADING (deqy)d 1,9.0
FNT IR SENSOR 40, ,5PEED (kts), AND HEADING (dej)t 8,00
ENTT2 SENSOR NO. SPEED (kts), AND JEADING (den)d 9,01
EHT<R SENSOR NO, ,SPEED (kts), AND HEADING (de-3)s 102,0.0
ENT'ZR SENSOR H0.,3PEEN (kts), AHD YEADING (deg)s 11,0.0 1
ENT=H SENSOR NO.,SPEED (kts), AND HEADING (Aden)s 12,00
ENTI? SENSOR 0. SPEED (kts), AND HEADING (deqg)s 13,0,0
ENTSR SENSOR N0. SPEED (kts), AND HEADING (dey)s (4,00
CNTZR SENSOR N0, ,SPEED (kts), AND HEADING (Heny)s 15,0,0
EN[R SENSOR ND. ,SPRED (kts), AND HEADING (dey)t 14,0,0
ENT=R SENSOR W0, (SPEED (kts), AND H{=ADING (dey)s 17,0,0
ENT<R 3ENSOR NO, ,SPEFD (kts), AND HEADING (deqy)s 13,N,0
» EN[=R SENSOR NO. SPREND (kts), AND HEADING (den)t 19,0,0
3 ENTTR SENSOR ilN, SPEED (kts), AND {FADING (dey): 20,0,0
5 ENTTR OSENSOR 10, ¢5PEED (kts), AND HEADING (Adey)s QO i

_ R e B

Lu e

ENT“R KEY (14 GIVES LLIST): 3

ENTER START,STOP STEPS (N0 - N): NN
ENT=ZQ SENSOQ N9., SENSOR TYPE (P ALLA OR O): H,.P ]
ENT=R SEN3OR '10., SENSOR TYPE (P,A,LA 02 0): 6,P :
ENT R 3ENS0OR 0., SENSOR TYPE (PJALLA O 9 [,P

EN[=R SENSOR N, , SENSO® TYRE (P,ALLA OR N)s 3.P

ENFER SENS0OR NO., SENSOR TYPRE (PJA,ILA DR 0): 9P ;
ENT=R SENSOR NO., SENSOR TYPE (P A,LA O 0): 10,P .
ENT=R SEMsnR d0,, SENSOR TYPE (P,ALA Or 0O)s ]11,P

ENTSR SENSO2 0., SENSOR TYPE (PL,A,LA OR 0)s 12,.P

ENT IR SEMSOR NO., SENSORQ TYPE (P,A,LA 0 0): 13,P

ENTSR SENSOR HNO., SENSOR TYPE (P,A,LLA OR 0)3 14,P

ENTZ2 SENSOR NNO,, SENSOR TYPE (P,A,LA OR 0)s 15,.P

ENTER SENSOR MO., SENSOR TYPE (P,A,LA OR 0)s ]6,P

ENTE? SEMNSOR NO., SENSOR TYPE (P,A,LA OR O)s 17,P

ENTER SENSOR M0., SENSOR TYPE (P A,LA Ok 0O)s 18,P

ENTZ 2 SENSOR NO.,, SENSOR TYPE (PLA,LA OR 0): 19,P

ENTER SENSOR HO., SENSOR TYPE (PL,A.LA OR n)s 20,P

ENTER SENSOR YN0., SENSOR TYPE (P,A,LA 0OR O)s 0

ENTER KEY (14 GIVES LIST): O

This sets up the buoys tfor time steps z2rn, eijht and sixteen.
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ENTHER XRY (14 SIVES LIST)s §

ENTER SENSOR NO.,3PEED (kts), AND HEADING (dey)t 21,10,0

ENTZR SENSOR NO.,SPFED (kts), AND HEADING (dec)t 22,10,0

ENTZR SENS0R NO.,SPEED (kts), AND HEADING (dej): 23,37.0

ENTRR SENSOR «0, ,SPEEDN (kts), AND HEADING (eg)s 24,307.0

ENI<R SENSOR d40.,.3PEED (kts), AHN YEADING (dej)s 25,32.0

ENTSR SENSOR d0.,3PEED (kts), AND HEADING (dej): 26,37,0

ENLER OSENSOR HOL (SPEREND (kts), AND HEADING (dejy)s 2

ENMIR <5Y (14 GIVRES 1LIST): 3

ENT® ¢ START,STOP 5TEPS (0 - 0O): 0,0

ENTER SENSOR NOo, SENSOR TYPE (PLA,LA OR 0O)s 21,1

ENTSR SENSOR NN, , SENSOR TYPE (P,A.LA OR 9)s 22,P

ENTHR OSENSOR N0, SENSOR TYPE (PL,A,LA OR 0): 23,0

ENT ik SENSOQ NO., SENSOR TYPE (PLALLA OR 0)t 24,0

ENT? SENSOR 0., SENSOR TYPE (P,A,LA OR 0)s 25,0

ENTZR SENSOR NO., SENSOR TYPE (PLA LA OR D)t 26,0

ENT 12 3ENSOR 0., SENSOR TYPE (PLA,LA OR 0): 0

ENTHER KEY (14 GIVES LI5T)s 12

ENTXR START,STOP STEPS (0 = N): 0,0

ENTRR SEMNSOR W0« INDEX,SOURCE LEVEL (dp) (0 TO EXIT): 21,1,130
ENTSZR SENSOR NOW INDEXLSOIRCE LEVEL (db) (0 T EXIT)s 21,2,105
ENTZR SENSOR NO. INDEX,SOJRCE LEVEL (db) (0 TO EXIT): 23,1,145
ENTE R SENSOR HOW , INDEX,SOURCE LEVEL (Ab) (0 TH EXIT): 23,2,120
ENT IR SENSOR N0 INDEX,SOURCE LEVEL (dAb) (0 To EXITit 25,1,145
ENT-R SEN3OR NO., THDEX.SOJRCE LEVEL (db) (N T EXIT): 25,2,120
SHTIR SENSHOR MO. , [NDEX,SOURCE [RVEL (dn) (N TO EXIT)s N

ENTIR XEY (14 GIYES LISTY: 2

This olock ot code makes the center S3N search and the flanking
SS¥5 sprint. Three dnclaratinns Aare need=ad to do thist (1) set the
35V speead, (2) turn the sensors on or off, and (3) chanje the noise
levels, Ramemhar that the noise levels are only changed on the line
Array sensnr since two sensnrs are on the same platform,

For timesteps one, rtc. the fnllnwinjy nperations are oerformed,

YAk de ek de b e e e e ke ke ke ok ke o Yo ek ok ko ko ek

SELZCT 40ODF (HSLP GIVES LIST): TSTEP
ENLZR ONEN PRO3RAM [IMS STEP: |

Jekede & o K ek Jode do ke de e e e e de e ke deke e keke ek deke

SELECT AODE (HELP GIVES LIST): USEY

ENI R <EY (14 GIVES LIST)t 5

ENTER SENSOR 0. ,53PERED (kts), AND HEANING (1eq)t 21,30,0
S4TRR SEN30R ND.,3PEEN (kts), AND HEANING (deq)t 22,37,0
ENTER SENSOR NO.SPEED (kts), AND HEADING (de)t 23.10,0
ENT IR SENSNR NO.,3PEED (kts), AND HEADING (dey)t 24,17,0
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ENTER SEMSOR NN, ,SPEED (kts), AND HREADING (daqg)t 29,10,0

FITER SENSNOR N0, 3PEED (kts), AND HEADING (Hdev)s 26,121,.1

ENT=% SENSNHR NO,,SPEED (kts), AND HEADING (Heqls O

ENTEER KEY (14 GIVES LIST)s 3

ENT=R START,STOP STEPS (N - 1)8 l,.1

ENTER SENSOR N, SENSNHR TYPE (P,A,LA 0OR 0)8 21,0

BENTER OSENSOR V0., SENSOR TYPE (PLA,LA 0OQ O)t 22,0

ENT:R SEN3OR NO., SENSOR TYPE (P, A,LA OR 0)es 23,[

FNDZR SENSOR N)., SENSOR TYPE (P,A,LA OR O)s 24,P

ENTER SENSOR 0., SENSOR TYPE (P A,LA OR 0O)t 25,1

ENT::R SENSOR HNfy.. SENSOR TYPE (P A,LA 0OR 0): 26,P

ENT=9 SEMN30R 9., SENSHR TYPE (PJALLA 0?7 M) N

ENTER KEY (14 GIVES LIST)e 12

ENTR START,STOP STEPS (N0 = 1) .1

ENT=ZR SENSOR NO L, [HDEX.SOURCE LEVEL (4h) (0 TO EXIT)® 21l.1.145
ENTZR SEN30OR N0., THDEX,SOJRCE LEVEL (dAb) (0 TO EXIT)t 21,2,120
ENTER SEWS0OR NO,., INDEX.SOURCE LEVEL (4b) (N TO EXIT)t 23,1.130
ENTER SENSDR H0,, INDEX.SOJRCE LEVEL (Ab) (0 TO EXIT)s 23,2,10%
ENTERQ SENSOR NO,,, INDEX,SOUQCE LEVEL (dh) (0 To EXITIs 25,1.130
ENTHR SENSOR 0., INDEX,SOURCE LEVEL (A») (0 TO EXIT)t 25,2,107%
ENTSR SENSOR ), INDEX,SOJRCE LEVEL (A») (N TH EXIT)t 0

ENT=R XEY (14 GIVES LIST): Q

Ao Je de S de ke e do e e & e e b dede ke e e e b e e e e

SELECT 4ODE ({:LP GIVES LIST)s TSTEP
ENTER NE'W PROGRAM TIHE STEP: 2

de ek 4 Fede e e ke b e kb e bk b ek e e ek bk ek

SELECT MODE (HELP GIVES LIST)® JSEN

ENTER KEY (14 GIVES LIST)t §

ENTER SENSOR 40.,SPEED (kts), AND HEADING (deq)t 5,30,0

ENTER SENSOR NO.,SPEED (kts), AND HEADING (deq)t 5,30,0

ENTER SENSOR V0,,5PEEN (kts), AND HEANING (deq): 7,80,0

ENTZQ SENSOR N0, SPEED (kts), AND HEADING (Hey)t 3,30,0

EATZR SENSNR NO..5PEED (kts), AND HEADING (dej)t 9,30,0

ENT:Q SENSOR NO.,3PEED (kts), AND HEADING (Aey)t 10,81,0
ENTER SENSOR WO, SPEED (kts), AND HEADING (deq)t I1,80.0
ENTER SENSOR NO,,SPEED (kts), AND HEADING (Aeq)t 12,81.0
ENT=ZR SENSOR V9.,3PEED (kts), A4D HEADING (deq)t 13,0.0

ENTER SENSOR NO.,SPEED (kts), A4D HEADING (dey)t 14,0,0

ENTER SEN30R VO.,SPEED (kts), AND HEADING (deq)s [5,0,0

ENTER SE'IS02 NO.,SPEED (kts), AND HEADING (deq)t 16,0.0

ENTER SENSOR NOL,SPEED (kts), AND HEADING (deq)t [ 7,00

ENTER SENSOR N ..SPEED (kts), AND HEADING (deq)t 13,0,0

ENTER SENSOR N0.,3PEED (kts), AND HEADING (deq)s 19,0,0

ENTER SEN30R NOL.,SPEED (kts), AND HEADING (deq)s 20,0,0

ENTER SENS0R NO . SPEED (kts), AND HEADING (deq)s 0
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ENTER
ENT=R
ENTER
ENTSR
ENTER
ENTLR
ENT= R
ENTE R
ENTER
ENT=2
ENTSR
ENT=R
ENTSR
ENTYR
ENT<R?
ENT'ZR
ENTER
ENTER
ENT:R
F1l=R

Jede & e e de de e e de e e e ok e ek oke ok ok de ke ke ek kke

SR :ICT
ENTER
ENT:R
ENT=2R
ENTER
ENTIR
EANTSR
MR
ENTER
ENUER
ENT®R
=R
ENTIR
ENTE R
ENT=R
ENTER
ENITER
ENT-R
FENT=R
ENTER
ENTSR
ENTSR
ENT-R
ENTER
ENT:R
FNT2
ENT 2R
ENT=R

KEY (14 GIVES LIST)s 3

START,STOP STEPS (N -

SEMSOR
SENSOR
SENSOR
SENSOR
SENS3OR
SENs3NOR
SEHS0R
SENSO ¢
SENSNOR
SLENSOR
SEMNSOR
SENSOR
SENSOR
SENSOR
SENSOR
SENSOR
SENSOR

HOe 4 SENSOR
Ne,y SENSOR
NO., SENSNOR
J0e s SENSOR
NO., SENSOR
i) ey SENSOR
4)ey SEN3OR
104, SENSOR
N+, SENSOR
0., SENSNOR
1., SENSHOR
M)e s SENSNOR
ey SENSOR
"Ye s SENSOR
0oy SENSOR
0., SENSHR
10., SENSNHK

TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPR
TYPE
TYPE
TYPE
TYPE
TYRPE
TYPE
TYPRE
TYPE

KEY (14 GIVES LisT): O

HODE C4ELP GIVES LIST) s

<EY (14
SENSOR
SEN3SNR
SENSOR
SENSOR
SEN5OR
SHNSOR
SENSOR

START ,STOP STEPS (0 -

SEMSOR
SENSOR
SENSNOR
SENSNR
SENSOR
SEHSOR
SENSOR

SIVES LIST): 5
104 ,5PEED (kts),
0. 2PEED (kts),
Hle 4y 5PEED (kts),
NO+ oSPEED (kts),
NO,. BPEED (kts),
NO.3PEED (kts),
N e ¢3PZEDN (kts),
KEY (14 GIVES LIST): 3

NO., SEMSOR
d0e, SENSNHR
40e 4 SENGOR
0., SENSOR
NO., SENS3NR
N(}., SENSNHR
V0., SENSHR

TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPR

KEY (14 GIVES LIST): |2

START,STOP STEPS

SENSOR
SENSOR
SENSOR
SENSOQ
SENSOR
SENSNOR
SENSOR

n -

iNe s INDEX  SOURCE
NO+ o INDEXSOIHRCE
H) e o INDEX,SOURCE
NO e o INDEX,SNURACE
HOW o INDEXS01)1CF
N e o [NDEX,SNURCE
10e o INDEX,SOURCE
XEY (14 GIVES LIST)Ys O

2y 2.2

(P,A,LA
(PLA,LA
(PLALLA
(P,ALA
(PJA,LA
(P.ALA
(PJALLA
(PLA,LA
(P A LA
(PJALLA
(P ALLA
(PLALLA
(P.A.LA
(PLALLA
(PLALA
(PLALLA
(P,A,LA

JSEN

AND HEADING
AND HEADING
AND HEADING
AdN HEADING
AP 4EANTHG
AND HEADING
AND 1L ANING

N1 2,2

(PJALLA
(PLJALLA
(PLA,LA
(PLA,

— - —— —

A
A
A
_A

PLA.
P.A,
p.AQ

)t 2,2

OR
0OR
0n
0OR
81%
0OR
OR
0OR
OR
OR
0OR
OR
OR
818
)9
OR
OR

OR
0OR
02
0R
0OR
o
OR

LEVEL (4t
LEVEL (dw)
I.LEVEL (4db)
[.LEVEL (db)
LLEVEL (1b)
[LEVEL (Av)
LEVEL (1)

)
)
)3
)3
)3
N)s
0)s
e
)e
)
)3
)
)
Ny
s
)

0)s 0

>

E

-
"

=== ==
8
X

X

FRRE

DI ===t
20
<

(deqy)s
(deg)s
(den)s
(ey)e
(deq)s
(dery)s
(deqg)s

n)e
)
)
)2
fn):
n)s
n)s

(n
(n
(n
(N
n
(n
n

2l.l
2P
2320
24.0
2220
280
0

TN EX
TO EX
T EX
TO EX
T EX
TH FX
T X

2lalD0
2241240
23.30.0

e B B e B

24.30,0
22.32.0
26.37,0
0

IT)e 211,130
IT)s 21,2,105
IT): 23.1.145
IT)s 23,2,120
IT)t 25,1,145
IT): 25,2,120
IT): N

| J
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SELECT MODE (HELP GIVES LIST)s TSIEP
FNCSR 4EW PROGRAM TIME STRPt 3

de e & d b e bk e e e ke b e e e e e ok ke b ek ek

SELECT MODE CIELP GIVES LIST): USEN

FNT=<R KEY (14 GIVES LIST): 5

ENTSR SENSOR N SPEED (kts), AdD HEADING (deqy)s 21,3),0

ENT=ZH SENSOR NO L, SPEED (kts), AND HEADING (deq): 22,30,0

ENI<R SENSOR 0, 3PEED (kts), AND HEADING (deq): 23,10,9

ENT=R SENSOR M0, .3PEED (kts), A4D HEADING (deq)s 24,13,0

ENT=R SENSOR #0,,SPEED (kts), AND YEADING (deq)t 25,17,0

ENT IR SENSOR nD SPEED (kts), AN {EADIAG (Heq): 24,10,0

ENT=SR SENSOR NOL.SPEED (kts), AND HEADING (deq)t 0

EdT<R XEY (14 GIVES LIST)s 3

FNT<R START,STOP 5TEPS (0 - 3)t 3,3

ENTiTR SENSOR W, SENSOR TYPE (P ALLA 0 9 21,9

ENTER SEN3NOR ., SENSOQ TYPE (P AVLA OR 0)t 22,9

ENTIR SEM30R 4. SENSHR TYPE (P ALA OR 0)e 23,1

ENTSR SENSOR NOL, SENSNR TYPE (PALA 0O 0)s 24,0

ENTER SENSOR 10., SENSOR TYPRE (PLGALLA OR D)8 25,0

FAT2R SENSOR 'l0., SENSOR TYPE (PJALA DR )t 26,P

ENT I SENSOR 0., SENSTIR TYPE (PJALLA OR D)2 N

FNTER KEY (14 GIVES LIST)s 12

ENTYR START,STOP STEPS (N0 - 3)3 3,3

ENTHER SENSOR NO L INDREX,SOURCE LEVEL (dnh) (N TO EXIT)s 21 ,1,145
ENT=1R SENSOR N0 L, INDEX, SOJRCE LEVEL (dh) (N TO EXIT)s 2142,120
ENTZR SENSOR NO.L., THDEYGSNURCE LEVEL (d9) (N T EXIT)t 23,1,130
FNTHR SENSOR WO L INDEX(SOJRCE LEVEL (9) (0 TO EXIT)s 23,2,.105
ENTRER SENSOR 10, THDEX SOJRCE LEVEL (d9) (0 TO EXIT)t 25,1,130
ENT iR SENSOR N, INNDEX,SOJRTE LEVEL (An) (0 T EXITI? 25,2,105
ENT 2R SENSOR v [MDE(, SOJRCE LEVEL (4An) (N TO EXIT)s 0

ENT=R KEY (14 GIVES LIsl)s 0 ]
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MODE C4ELP GIVES LIST)s

NEY PROSIALC TIME STROs

MO (HRLP GIVEs LIsT)s
5

KEY (14
SENSOR
SENSOR
SENHS0R
SEHSOR
SENSO
SEMSOR
SENSNQ
SENSO R
SETIs0R
SEHNSOR
SEMS0R
SENGSOR
SENSOR
SRR
SESn R
sENGNOR
SLENSOR
KEY (14
START,S
SES0R
SENSOR
SENSO?
SENSN D
SENSOR
SENSNOR
SENSOR
SENSOR
SEMNSOR
SEMNSOR
SEM SR
SEMS0R
3= 0R
SENGOR
SEN O
';Il.'lj ;()r)
St
<rY (14

SIVES LIST)s

N, ¢ SPERED (kts),
0. HPEED (kts)
Y, o 3PEED (kts)
14 4 PREN (kts)
Ny ¢ 3PEEDN (kts)
N, oHPEED (kts)y,

.
L]
.

U)e  aPEED (kts),
., 5PEED (kts),
A4 B3PEED (kts),
HO . HPERED (krs) ,
0. SPEED (kts),
1. 3PEED (kts),
., 3PERD (kts),
0., 3PEED (kts),
N GPEED (kts),
0., 3PEEN (kts),
10.,5PFFD (kts) .,
SIVES LIST)e 3
TOP STEPS (0 -

VO oo SENSOR TYPE
N oy SENSOR TYPE
40 .. SENS9Q? TYPE
1¢e SENSOR TYPE
NO oy SENSOR TYPE
Mo SENSIR TYPER
1) e SEASNHTY TYPE
JO .. SENSOQ TYPE
Ndeo SENSOR TYPE
V) oy SENSOHR TYPE
NOY,, SENSOID TYPE
NDoe OENSIR TYPE
ides DENSD?Y TYPE
4 ee SENSOR TYPE
1MV ee ODENSIR TYPE
0., 3ENSD?? TYPR
1Ves HENSNQ TYPE
0
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(P ALLA OR
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(P AJLA D7
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(PoA LA DR

(ieqy)s
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(deg):
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11.P
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12,P
L5.pP
L1.p
L8.P
L2.P
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SELSCT MODE (HELP GIVES LIST): USEN ]
FNT# R KEY (14 GIVRS LIsT): 2 i
ENLSR SENSOR NN ,53PEREN (kts), AND HSADING (dejyds 21,10

ENT3IR SENSOR NO.,3PEED (kts), AND HEADING (dejy): 22,10
ENT<R 3ENSOQ NO..3PEED (kts), AND HEADING (dej)t 23,37,0

ENTER SENSOR NO.,SPEED (kts), AND HRADING (dejy)s 24,30,0
ENTZIR SENSOR MO, ,SPEEN (kts), AND HEADING (deq)t 25,30.0

EJT IR SENSOR N0, ,SPEEN (kts), AND {EADING (dey)s 246,30,0

ENT-32 SEMSOR 0. ,5PEFD (kts), AND HEADING (Hej)z O

ENTER <EY (14 GIVES LIsT): 3

EN[SR START,STOP STEPS (0 - 4)3 4,4

ENTH9 SENSOR V0., SENSOR TYPE (P,A,LA OR 0): 21,0

ENTIR SENSOR M., SENSOR TYPE (P,ALLA OR 0): 22,P

ENTTR SENSOR [0., SENSOR TYPE (PLALLA OR Mt 23,0

ENTR SENSOR No., SENSOR TYPE (P,A,LA OR 0)t 24,0

ENTZR SENSOR 0., SENSH2 TYPE (P,A,LA 0R 0): 25,0

ENTHR SENSOR 9., SENSOR TYPE (P,A,LA OR 0): 26,0

ENTZR SENS0OR d0., SENSHH TYPE (PLALLA Or D)2 D

FENTER KFY (14 GIVES LIST): 12

ENTER START,STOP STEPS (0 - 1): 4,4

SNTEIR OSENS3OZ NOL, [HDEX, SOURCE LSVEL (Ab) (N To SXITYe 21,1,130
ENTER SENSOR V0., TNDEX.SOURCE LEVEL (o) (N TH EXITYe 21,2,105
ENT3IR SENSOR 10,  THDEX,SOURCE LEVEL (4b) (N TH EXITYt 23,1,145
ENTER SEHSOR N0 INDEXLSOJRCE LEVEL (dn) (N T EXIT)s 23,2,100
ENT IR SENSOR NO. INDEXLSOURCE LEVEL (du) (0 TH EXIT)e 25,1,145
ENTER SENSNOY V0. INDEX.SOURCE LEVEL (d,) (0 T FXITYI: 25,2,120
ENTER SENSOR NOL INDEX,SOURCE LEVEL (4n) (N Tn SXIT)s 0

ENT 0 KEY (14 3IVES LIST)s 2
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Similar oneratinns are performed for each timesten, 'm0 tn step 21.
This jives tive hours of screen development, which should be adequate
to investigate most tarjet penetration tactics. At the end of the file
creatinn, one tinal cAll to USEN is {in order to change the
configuration numbers to tha ones indicated in the above table. This
is pirely a matter of c¢onvenience, because the confijguration number
dnes not enter intn any SCREEN computations. The steps to do this Are
as fnllows.

SELICT #0PFE (HELD GIVES LIST)r USEN
ENTIR KEY (14 GIVES LIGT): 1O

ENTZR TIME ST:P, CONFIG. NOL(O=EXIT): 1,20
ENTSR TIW: STRP, CONFIG. NOL(N=EXIT)s 2,11
ENTER [IME STEP, CONFIG. NN.(N=EXIT)® 3,21
EHTER TIM%T STED, CONFIS. HOL(M=EXIT): 4,17
ENTER TIM: STEP, CONFIG. NOW(N=EXIT)s 5,20

ENTER TIME STEP, CONFIG, HOL(N=RXIT): 4,12

ENTZR TIM'S STEP, CONFIG. NOJ(D=EXIT)s [,22

ENTEQ [IME STREP, CONFIG. NOL(N=EXIT): 5,10

ENTER TIHE STRP, CONFIG., MO, (O=EXIT): 9,27

ENIER TIME ST=O, CONFIG. NOJ(N=kXIT): 10,11
ENTZR TINMS STEP, CONFIG. MOL(N=EXIT): 11,21
ENT=R TIME STRP, CONFIG. HOL(N=EXITY: 12,10
ENTER TIM? STEP, CONFIG. NOJ(N=EXIT): 13,20
ENTER TIME STRR, CONFIG. HNOL(N=EXIT)s: 14,12
GNISR TIME STEP, CONFIG. MOL(O=EXIT): 15,22
ENT=R TIME STSP, CONFIG. NOJ(N=EXIT)t 5,10
FNTIR TIME STEP, CONFIG. NO,(N=EXIT): 17,20
ENTR=R TIM: STRP, CONFIG. NOJL(N=EXIT): 18,11
ENTER TI4E STEP, CONFIG, NOL(O=EXIT)s 19,21
ENTER [IME STEP, CONFIG. 0. (N=EXIT)s 20,10
ENTSR [IMZ STEP, CONFIG. NOL(N=FXI[T): 21,20
ENTER [IME STEP, CONFIG. NOJ(O=EXI[)s 0,19

ENT IR X8Y (14 5IVES LIST): Q

Tha eftect of these changes c¢an be seen by listing the sensor
parinetars with the LSEN option. The listings for time steps 18 and 2N
are shown oelow,
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Tarjet File Definition

Next we will consider the developmant of tarjget files which
Jdescribe target strateqgy against the above screen, The first target
which we Adefine starts from A nosition ahead of the task force an-
attanapts to nenetrate to Aan attack circle which is defined as a 2.5
mile circnular sna centered 297 miles ahead of the carrier. Since  the
stbnarine 2scorts must sprint At hijh spead to maintain PIM, it is
ass.ned that the tarqget will Aattempt to detect and evade the center
SSN. After some nrelininary calculations, the follnwing sequence of
inpiits is jenaratei. Commentary will follnw the blocks nf {nnut.

0K, 3£3 _SCREEN

FNTIZR ACOJSTIC DATA FILE NO, (1-99): 0
ENTER SENSOR FILE NUMBER (1-92)t 0
ENTER TARGET FILE NO. (1= 99)t 50
ENTZR DELTA T (hrs): ,25

ENTER TARGET LABEL: DOGLES_FROA AHEAD

It is generally wise tn create tarjet files withnut declaring 1
SENS tile. Aas shown here., The reason is that the tarqjet file creation
will generally involvin; time stenping and this may alter the contents
of = SENS file if one is declareid, The value of DELTA T mist be the
same as for any sensor file intended for rse with this tarqget file.

ENISR INITIAL TARGET COORD (X,Y) (nm)t 0,210
ENTER THITIAL TARSET SPA PARAMETFERS
2 SI5 S-MAJ AXIS.S=MIN AXIS(nm), BRG OF MAJ(dealt 5,5,M

ENTER TARGET MOTION PARAMETERS

TARGET V&L CHANGE RATE (#/hr)s 1

MEAN TARGET oPEED (kts), HEADING (deq)s 21,110

SO DEV IN TGT SPREED (kts), HEANING (deg): 2,10
ENTZR TGT NOISE INDPDEX AND LEVEL (do)(N=Exit)t [,.15%
ENTAR TST MOISE TNDEX AND LEVEL (db)(N=Exit): 2,120
ENTSR TGT NOISHE INDEX AND LEVEL (do)(N=Fxit)s 5,10
ENTER TGT HOISE IHNPEX AWND LEVEL (db)(N=Exit): O
FENTER TARGET FILE NO. (1= 99): N
ENTER FILENAMT FOR OUTPUT (C for console): DROGLEG, AHEAD
APPEND TO PREGENT FILE (Y OR W)ys N

The initial position, corrse, and speed are -desiyned tn end up
Ahout 1% niles tn one side of the center SSN escnrt, The velncity
statistics Aare somewhat Aarhitrarily chnsen to jive sone variation 1in
the samnle paths. The noise levels correspnnd to the estimated mean
valiias »Af tarnet radiated noise. Index | is the narrowbind value
Jetuntable by the sonobroys Ind S5V narrowhand sonar, Index 2 is the
broadibind noise detectable by the SSN hroadband sensnr, Indev 5 is the
active tarjet strength. We chose tn place output in a tile named
DS G AHEAD,




The tirst change in tactic occiurs at timestep 16, when the SSN
threait nulls abreast of the 35N escorts.,

e dodk Ak e Yok Fe ke e K ke e Rk ke o e e e de e de e de e ek

SELECT WODE (HELP GIVES LIST)t ISTEP
ENCER NEW PROGRAM TIME STEP: |5

Je 4 ¥ 3 e de e e ke o e e ek b e ek b ek de ek bk bk ke ke

SELZCT MODE (HELP GIVES LIST): UTAR
ENT<R TARGET N).: 50

ENTER KEY (6 FIVES LIST)t 6

PP OUT

CHANGE TARGET LASEL

UPDATRE VELOCITY CHANGE RATE

JPDATE SPFED AND HEADIAG

JPDATIE SCANDARD PEVIATION IN TARSET 3PEED AND HEADING
JPDATE IWDEX AND LEVEL

ENTSR KEY (6 SIVES LIST)t 3

CNTER HEW TARGET SPEED (kts) JHEADING (Aey): 19,235

ENTHR NEW STR. DEV. IN TGT SPSED (kt)  HEADING (deq)t 2,0
SN[ KSY (/7 SIVES LIST)t Q

SNTSR TARGET 1.t N

JH N~ D
[T I TR A 1}

After four hours the tarqget is ready to turn to the final leq.
For this part of the track, we pick 3 speed and course which will reach
attick nnsition at hour five (step 2N). The speed and heading are
Jiveny zero variance becaiise it is desirable nn this part ot the track
to leviate fron a straijht run-in as little as possihle,

dede bk dede bk de ke ke de kb ek dedke de ok ek &k k ked ek

SEIICT 40DE (HELP GIVES LIST)s TSIEP
ENU=ER NEW PROGIANY TIME ST=P: 29

ek & Ak Fe dede de ok de s o de e ok ke e ke keke o keok Kook ek

SEILECT A0DE (HELP GIVES LIST): LTAR
ENTER START,STOP STEPS (0 - 20)s 0,20

(Only part ot the onutput of this step is shown)
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Note that the spa has expanded with time as one would expect fron
any Incnnstrained dittusion process., The final position at step 20 is
amproxinataly at the attack pnsition, but should be adjusted. To focus
the tracks exactly on the Aattack <circle, a marginal constraint Iis
annlied at the attack time, This is done as follows.

SELECT HM0ONF CiZLP GIVEs LIST)s* 4ARGE

[NPJT TARGET FILE NO.t 50

[NPJT CONSTRAINT TIH4R STEPs 20

ENTzR CONSTRAINT COORDINATES (X,Y) (nm)s 0Q,120

ENTER TARGET CONSTRAINT PARAMETERS:

L=SIG 3-MAJ, S=MIN AXI3 (nm), "MAJ AXT35 BRG (deqg)t 2,5,2.,5.,0
D0 YOU VFERIFY COMSTR. PARAMETHERS (Y OR Ny Y

Tha result of the marjinal connstraint is seen in the followinj
serlectad LTARs.
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£ Note that the marginal is exactly reporoiiuced at sten 20, The
1 tarjyat turns the corner at time 16 trom a very tight spat this occurs
hacrise the velncity variances ware set to zero for this leg, The
naranetars At time zerno are alterad vary slightly. 3etw2en time zern
» and sten 146, the target tracks tend to “how ot due tn the diffirsion
F over this nortion of the track,

The anove example of a track qgeneratinon is only one nf many ways
that tarjet scenarios can he generated. {y appropriate combhinations of
n1ar jinal constraints, nosits and selections of diftfusinn parameters, it
is nnssihle tn create almnst any tarqget evolution that is desired,
NitY practice, consideranle skill in generating tarqget tiles can be
Jaine-d.
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CHAPTER VI

SCREEN_ANALYSIS

This chantaer looks at the various analysis options of the SCREEN
arnjram, using the data files created in Chanter V. First the PNDSENS
ontinn will ve examinad, folloved by PHSTEP and the variotus GNP
nptions. To c¢nnserve space, Most of the maps have veen vertically
cnn iensed,

PISEIS == _Sensor Coverage 4aps

Tha first step in 7 scraen analysis is to see the c¢cnverajge of the
iifferent screen sensors. Logically, of course, this coverange is a
tuniamental fnput to detarmining the placenant of the screen elements,
In fict, the SENS file descrihe! in Chanter V was develaned in twn
stens, First, a SENS file was created only at time step N (zero) which
nad the corract performance charactaristics of each tyne nt sensor, bt
arhitrary sensor loncations. Using this SEHS file, the individual
sensnr coverAage was evamined and 1 screen formnation was decided 1pon,
Sacnnd, the SENS file Aas descrihed in Chanter V was createl,

The commanis to jenerate a sensor coveraje map are as follows:t

0K, 2EG _SCREENM

ENTER ACOUSTIC DATA FILE NO. (1=99)8 2
ENTER SENSOR FILE NUMBER (1-99)s |
ENTER TARGET FILE NO, (i= 99): 30
ENTER TARGET FILE NO. (1= 99)t 0

ENTER FILENAYE FOR OUTPJT (C for console)t C

SELECT MONE (HELP GIVES LIST)s PLQIEN
ENTER START,STHP STEPS (0 - 21)s 8,8
ENTER SENSOR NO.s |

ENTER TARGET SOURCE LFVEL (db)s |0
ENTER GRID SPACING (nm): 5

The followinng fiqures show the sensor coverane mans for each of
the sansor tyses included in the screen, Since sensoar | is an active
sensor, the apnropriate tarjet sotrce level (tarjet strenqgth)  for
active detectinn was innut.
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Fijure VI-1 shows the coverage arnind each of the surface escorts
provide! oy their active sonar, The “5/ represents the ship’s
locatinon. The interpretation of this picture {s that there is a ,?
pronahility of detecting a tarqet within 5-6 miles of the ship. Of
coiurse, if the target is in the batfle it woiuld not be Adetacted, as is
indicated by the “blanks’, no coverage, hehind (these PNSEN pictures
assiie the sensor is heaied north,) The ftijure also shows qgond
fet~ctinn capaolity (.7 tn .99) in a tirst convergence zZone (CZ) anott
3N riles from the shin. The difference in detection values in  the 7
is {ue tn the ranjye differences in the 3rid points on the man from the
shin and the variation in nronajation loss within the 7.
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Fiqyure VI-2 shows the coverage of the SSN line Aarray. It
inlicates poor direct path range (less than 5 miles), but qg0o0i first CZ
covaraje, and some capability even in the third CZ, The slight
increase in self-noise in the direction nf the SS5N has not affected the
coverage, which indicates that this sensor is anhient nnise limited,
The laclt of coverage hehind this sensor is not a haffle (there is none
on the line array) but rather the eftect of interteriny nnise createl
by the HVU and its surface escorts.
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Fijure VI-3 shows the SSN broadband coverage., It illustrates t

lack of c¢nverije in the baffles. The Adetection coverajge may
described as direct path range of 6-7 miles,

strong first ©Z covarag
weak seconi CZ coverage, Aand no third CZ coverage,
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Fijure VI-4 {s a map ot a sinjle sonnhioy’s coverage. It may he
comyared with the attempt of the SSN to detect the sane siqgnal. The
1ifferences in coverange are due to the changes 1in onropajation loss
vetvsen a3 shallow (sonobuoy) sensor and a deep (SSN) sensor and chanjes
in the sonar ejuation paramesters defining each system,

| The above coverage mans are for the radiated noise levels used 1n
the target file. [t is .nssiwle to 11sa the PNDSENS nntinn to test the
effact of variations in this noise level, The following map is for the
35N narrnwhand with a 5 49 reductinn in tarqget radiated nnise.
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By comparing Figures VI-2 and VI[-5, one notes that the 554
narrowband detection capahility 1s very sensitive to a 5 db reduction
in tigure of merit (FOM). In this case, the FOM reiuction resulted
from a reduction in source level, bhut any chanqges in capability which
resilt in a 5 db reduction in FOM would have the same effect. Observe
that no third C7 coverage is indicated, that no direct path coverage is
indicated (direct path coverage is lass than 5 miles) and that the hest

detzctinn opportunity in the first CZ {s now reduced from a value of ./
to a valua of .3,
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2ASIEP == _ocreen Coverage Maps

The screen coveraje maps show the composite effect of all sensors
in 1 group or screen. Since several distinct screen confiqurations are
invalved 11 this example, we will show A few of the cases, Both
detaction and lncalization maps are compruted, FEach example is followed
oy cnmmentary nn the maps,

Tha comman‘d sejuence to orodiuce PDSTEP maps is as follows.

e de de e dode ke e dedke kR dede b de ke ke e Rk bk ke ko k

SSLICT MODE (UELY GIVES LIST)t pRSLEP
ENI=R START,STOP STEPS (0 - 21): 3.3

ENTZR GROUP NJMBER (N=ENTIRE SCREEN)S 0

FNTER THE MAP LABEL: COVERAGE AT TI4ESTEP EIGHT

DO YOU YANT INFORMATION MAP>S (Y OR N)t Y

ENTER TOT NOISE IHNDEX LEVEL (1h) (N=PORPOUTIs 1,155
ENT=R TGT NnIs= [4DEX LEVEL (14n) (N=POPIOUT)It 2,120
ENT=R TGT NOISE TNDEX  LEVEL (ih) (N=pPIPOUT)t 5,10
ENTER TGT HOISE INDEX LEVEL (b)) (0O=POPOUTIs 0O
ENT=R GRT) SPACING (nm)s 5

ENT :R SAMPLE TIME (min)s 5

3y enteringy jroun numher zero (N) the entire screen is evaluated,
Tha coveraje maps for 3 narticular sensnor qgroun could alsn be computed
ny entering the aporopriate groun number Aas shown in 3 LSENS 1listing.
The tnllowiny tigures show the c¢overane maps for some of the
interesting confijurations.

. e Ao




ELGURE VI=6

PDOTER AT TIME STEP 8
DETSCTION PROSABILITY MAP
MARKE) O4 THU, JA4 24 1080 AT 7HR  30MIN 4N, 1 ISFC NeHe NAGNER ASSOCTATE:
, TIME STEP: 3
| PIM S/HE 20,0 KNOTS AT 0.0 DEGRKES  PIY CONRNS X= 0.0 Y= 40,0

PROPAGATION 1LOSS LA3KL 5 1S:SNC7 Act.
CISTANCE 3ETAREEN GRID POINTS:  5.NN WM,

SAMPLE TIl4kEs  5.00 YINUTES
GrROUP NU4S3ER FOR THIS MAP (N=ENTIRR SCREBEN) IS N
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[he second coverage map is for timestep 3, at which time the port
sonnoruoy field is being relaid and does not contribite to coverage,
[he flanking escort sihnarines are searching but  the center SSN is
snrintinjy. The locAalization man tor this c¢ase shows that the SHMs
nprovide snome localization potential where their second cnnverqgenca
zonas intersect, The bulk of the localization 1s provided by the
surfice arctive escorts, Note that the 1lncalization coveraje is not
sym:tric, This s Adus to the contribution of the starbhnard sonodiny
fiel 1, At first sight it might seem surnrisiny that the 1oncAalization
NER) is aot symmetric, narticilarly since the sonnhunys are
omnijiirectional ani{ therafore do not contribrite to localization in the
SCR=<d1 nrojgram. The reasnon for the nnonsymmetric localization coverage
is that the mquantity shown is the conditional quantity--localization
diven detection. [f the detectinn and lncalizatinn maps are compAared
at symmetric noints where the lncAalizAatinn coverare is nnt the same, it
will e discovared that the detection probabhility is higher where the
localizatinn cnverajge number is larqger. The product of the probabhility
of detection and the localization given detection is the same to the
neirest integjer. [n hHe snecific, c¢nnsidar the symnetric positions
(25,=-10) ant (=25,-1N), At the positinn (25,-1N}), the pronahility of
letrction is .5 and the lncalization is three niles., At  the pnsition
(=25,=-17), the nrovability of detectinn is .4 Aani the lncalization is
twn ailas, The lnver dertectinn nrobability event nradices a  hetter
localization given detectinn.

e
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cumulative Performance Measures

Finally, we will exercise optinns CDPL and MAPL with target BN,
[he resitlts are as follawsg,

SELECT «ol¥t (HELP GIVES LIST): CDPL

ENTER START, STOP STEPS(1 = 2n)s ] .20

ENTER SR0UP NJHMBER (N=ENTIRE SCREEN)t 0

ETER STEPS OF FLOWN (>=0)1 20

EATER TARSET FIL= NO,  (1-99)s 50

ENT=R TARGET FILE HO. (1=90): 0

ENTER 0. OF POINTS PER FLOA (1,9,25 OR 40): |

The first interesting results occur after time step 16, Aand sn
anly thase will be shown,

e A
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: *%% TIME STEP NJUBER 16 ##w
% CDP*17,090 BY SENSOR GROUP AND FLOW
- GRO'P 1 2 3 4 5 13 21 23 25
o TARG DELAY
! 50 n n n n 0 4735 1721 3775 1350 1667
» 3N | 2 N N N 4600 1141 9128 201 (174
E; 5) 2 2 n 0 N 3252 266 91N3 1005 3193
& <5 3 a a0 n 508 N 2320 370 373
%“ 50 4 0 n 0 N 1582 N 951 0 221/
% 57 5 g O 9 n 2813 01551 1178 2004
8. 30 6 0 n n 0 1404 n 2259 n 9234
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Pagilh i o2

This disnlay shows the value of c¢rin far each sensnr group and each
flov delay timestep. By examining this tahle, the effect nf each groun
can ne seen. The later flows have not yet bhegun tn siffer attrition,
whereas the z2ro flow 1is ahnut tn enter the active screen coverage,
The numders ara cdo*x1NNNY, The screen cip which appears next simply
cnmrines the Jroun probhahilities independently (i.e. the screen
failure probability is the product of the Jroun  failure probabilities
whirh can  he verified by direct calciilation from this and the next
tanle),

Groups 1 throuth 4 are the active escorts as s<en from any LTAR in
Chaoter V, Group 5  is  the nort huoyfield, 13 is the starhoar|
ouovtiell, groups 23, 24, and 25 are the center, port, and starboar{
351 escorts. [he port "oy field has a higher detection performance
thaa the staronard onoy tield simply hecairse the circle of replacement
is such that the port field was in a hetter positinn tn detect At the
tim: that the tar et anproacha:d detectable ranqges., Note that for some
of the dalayed tarjets such as the 3 time step delay this phanomena
revarsel, i.e., the starboard field jot the first detection
asnportimnity.  Since the taraets have not yet entered into the coverage
Arey of the active sonars, they have no detection capability indicated.
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TARGET EVALUATION AT TIME STEP
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At this step the active coverage hegins to take effect. The flow i
zern target enters the coverage of escort one. 3

1
At this time sten, one of the forward aAactive escorts has A }
significant detectinn [rohahility in the ¢onverqgence zone ajainst the i
zern delay tarjet. Against this same target, the starboard buoyfield
has now Aaccimulated considerabhle detection probavility but the
port.tield is essentially as before vecause that field has been ferried
4 during this time periord.
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At this time sten, the zern delay target has arrived at the firinj
circle, Since this circle lies within the cnverage area of the active
escorts, tnere is 1 "ign orobability of active detection by the time
the tarj jet makeas the attac%, The ‘delay targets up to the 4 unit delay
are all sunject to some detection vy the active screen,

The MAP an i MAPL ontinns are functionilly identical to CDP andd
CNPL, excent that they lisnlay vAarious maps as well as tha computed
resilts., For illustration of the results nbtainable, a special target
filer was creatad, The LTAR is shown as follows.
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From this listing we see that the tarjet moves from a nnorth-sotth
nriented spa  cantered at (=17,77) at time 2zerno to an east-west
oriaated attack reqgion at time step 3. The following responses produca
nap;s At times 5,7 and 4, The prior map gives the tarjet location At
the time step in qruestion, hefore search is applied. The posterior man
is the coniitional target location jiven that it has not heen detected,
The infaormation man indicates how well the taryet has neen localized At
varinils points, In order to spread ot the tarjet positions, 497
samiles nf the tarqget orior are taken,
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Finally, we will show the effect of target flow., The next is
the same target as above, bt with 3 steps of flow, evaluated at time
stens 4 to 8 . Effectively, this means that the target arrival time is
unitormly space:d over the eight time steps. Thus, the nrior will be
extanded bhack 111 the way from the attack ellinse tn the startiny
pnsition. The results for this run are as tollows,

SELSCT 4ODR (HELP GIVES LIST): MAPL
PRIIT PRIOR DISTRIBUTION (Y OR N)t Y
PRINT POSTERINR DISTRIBUTION (Y OR NYs Y
ENTSR GRID SPACING (nm)t 5

ENTSR START, STOP STEPS (1-21): 6,8
ENIER GR0UP NUMBER (N=ENTIRE SCRREN): 0
ENTER STEPS OF FLOW (>=0): 8
ENTSR TARGFT FILE MNo. (1-99): |3
ENTZR TARGET FILE NO. (1-99): 0
ENIER NO. OF POINTS PER FLOW (1,9,

25, OR 49)s 49
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An interestiny thing tn note about these pictures i{s the effect of
the search on the tarqget prior,

tin? step 8., By compAaring the posterior map to the prior map, we
that search cuts a swath
rejton ot the converjence zones., The localization map shows that the

tarjet is 7jenerally well localized by the time It arrives at the attack
pnsition. Otherwise, the

flawkin; S3N escort.

This can he seen quite dramatically at

see
through the nosterior distribution in the

localizatinn is good in the vicinity of the
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